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To Measure pH With 


‘ON VENIENCE 


COLEMAN 
Model 18 
pH Electrometer 


Balanced Design is the Requisite 


A pH Meter is a means to an end—a tool to speed and facilitate a measurement. 

In any well-designed tool there must be a careful balance among the elements of 
Precision, Convenience, and Reliability, for precision without convenience is costly and 
convenience without reliability is worthless. But together they create the true economy 
that is the aim of all instrumentation. 

Coleman pH Electrometers are the result of years of leadership in the field of pH 
measurement—years of strict attention to the factors of “Balanced Design”. They 
are realistic tools of Precision, Convenience, and Reliability. ony : 


COLEMAN 


COMPAX AUTOTRATOR 
Write Department B Model 20—Portable MODEL 18 Model 19 
for these descriptive Battery Operated A.C. Line Operated Automatic Titrator 
Bulletins............ Bulletin B-225 Bulletin B-221 Bulletin B-223 


Coleman “Balanced Design” means . . . Precision + Convenience + Reliability. 
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For every product manufactured in the huge petroleum 
industry, chemists must make constant tests for quality and 
uniformity. For accuracy, and to save valuable testing time, 
leading petroleum chemists prefer ‘Baker Analyzed’ Re- 
agents, with the actual lot analysis on the label. 


Pictured above is ‘Baker Analyzed’ Potassium Hydroxide— 
in convenient pellet form. Note it is low in Chloride, Car- 
bonate, Sulfate, Heavy Metals and Iron. Note, too, the 
purity is defined to the decimal. 


Listed are other ‘Baker Analyzed’ Reagents helpful to petro- 
leum chemists. Whether you are determining Neutralization 
Values, Aniline Points, Bromine Numbers, Water and Sedi- 
ment Content and Tetraethyl-lead, or making other deter- 
minations important in the field of petroleum, you'll find 
the proper ‘Baker Analyzed’ Reagent to help you speed-up 


your particular job. 
Baker 


REAGENT 


P ETROLEUM CHEMISTS have many uses for 


time-saving Baker Analyzed’ REAGENTS 
— high in purity 


Baker Chemicals 


Ask your laboratory supply house for ‘Baker Analyzed’ 
Reagents. You'll get highest purity Reagents and quick, 
efficient service. 


J. T. Baker Chemical Co. 
Executive Offices and Plant, Phillipsburg, N. J. 


Other ‘Baker Analyzed’ Reagents 
Valuable to Petroleum Chemists: 
Acetic Acid 
Aniline 

Benzene 
Iso-Propyl Alcohol 


Potassium Biphthalate 
Potassium lodide 
Silver Nitrate 

Sodium Thiosulfate 


FINE INDUSTRIAL 


"Ca 0. 0003 ¢ a 
Ple 


for 
TS 


3203. 
alyzed 
quick, 

3214. 

8761. 


A.H.T. CO. SPECIFICATION 


LABORATORY HARDWARE 


OF JAPANNED CAST IRON 


3200-B. 


8761. 9731. 


in each piece. 


3200-B. Clamps, Bunsen, extension, of japanned iron, with cyl- 


indrical jaws; for use with 3214 Holder. 
Total length, inches.............. “9 


Each .55 
10% discount in lots of 12; 15% in lots of 72. 


Clamps, Universal, extension, of japanned iron, with 
universal motion; for articles of irregular shape such 
as condensers, retorts, etc. 

Total length, inches.............. 8 ll 
10 % discount in lots of 12; 15% in lots of 72. 


Clamp Holders, of japanned iron, y oe use with oom 
For rods up to inches diameter. . /, 
10% discount in lots of 12; 15% in lots of 48. 


Rings, Support, of japanned iron; ~~ ee from center of 
support to center of rings, —) inches. 
Inside diam., inches...... 23/s 31/4 41/4 53/4 
. 84 


Each .58 .58 .60 
10% discount-in lots of 36; 15% in lots of 72. 


LABORATORY HARDWARE, A.H.T. Co. Specification. 
terns with “‘A.H.T. Co.” 
of similar designation. 


9338. 


9731. 


9732. 


9734. 


9732. 9338. 


Of japanned iron, cast from our own pat- 


Heavier and more carefully finished than the usual trade ware 
Screws are of brass, with large wing nuts for convenient manipulation. Cast 
iron offers the advantages of low initial cost and long life and will withstand exposure to elevated tem- 
peratures. 


Supports, with tripod base, of japanned iron, with copper 
plated (or aluminum) rod. 


Extra 
30 12 


is discount in case lots; 20% ‘for 10 cases. 


Tripod, of japanned iron, so-called 4-inch tripod; 9 
10 % discount in lots of 12; 20% in lots of 144. 


Tripods, of japanned i iron, flanged to take concentric 
rings, but without rings. 
Outside diam., inches 5 10 
Inside diam., inches. . 8 
10 % discount in lots of is! 20% in lots of 144. 


Concentric Rings, of japanned iron; for use with 9732 
Tripods. 
To fit ee inches. . 5 é 8 10 
.30 .77 a. 
10%. in lots of 12; 20% i in of 144 sets. 


Detailed information as to additional shapes and sizes sent upon request. 


ARTHUR H. THOMAS COMPANY 


LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE 
PHILADELPHIA 5, PA. 


Teletype Services: Western Union WUX and Bell System PH-72 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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Coming next month... 


CHEMICAL ENGINEERING TECHNIQUES 


by B. E. LAUER, Head, Department of Chemical Engineering, and 
R. F. HECKMAN, Assistant Professor of Chemical Engineering, 
University of Colorado 


. .. @ distinctly new approach to the techniques, rather than equipment, 
of today’s chemical and process industries 


This thoroughly integrated text is expressly 
designed to clarify the important role of funda- 
mental chemistry and physics in actual plant opera- 
tions. It is particularly valuable to chemical engi- 
neering majors, mechanical and industrial engineer- 
ing students . . . in fact, to all students—technical 
and non-technical—whose interests lie in the chem- 
ical or process industries. 

All the most recent industrially-proven tech- 
niques, as well as new applications tor old tech- 
niques, are fully explained. The authors emphasize 
the constant development of new techniques and 
nowhere intimate the finality of method for per- 
forming any operation. 

Emphasized also in this volume is the recogni- 
tion of technique as a means to an end, together 
with the classtfication of techniques according to 
function. Machinery is senceied in its true posi- 
tion as a tool rather than a method. The entire 
subject is developed as a closely-knit unit having 
continuity, purpose and organization. 


Film Strips Available Soon. . . 


Film strips now being prepared for use with 
CHEMICAL ENGINEERING TECHNIQUES are 
of special interest to instructors. All illustrations 
in this book, plus approximately 1000 additional 
exposures, will be available. Full details on these 
visual teaching aids may be obtained from Univer- 
sity Book Store, University of Colorado, Boulder, 
Colorado. 


@ SECTIONS: Assembly of Materials; Prepara- 
tion of Materials For Reaction; Production and 
Distribution of Energy; Conditions Affecting the 
Chemical Reaction; Separation and Purification of 
Materials; Further Treatment of Products For 
Sale, Shipment, Storage For Other Use. 


1952 450 Pages $6.00 


Ready this month . .. more help for teachers 


THE PHYSICAL CHEMISTRY 
OF SURFACE FILMS 


by W. D. HARKINS with a foreword 
by PETER DEBYE 


This volume covers all the fundamental pioneer work of the 
late W. D. Harkins on the mechanism off liquid liquid films 
and interfaces, surface tension and emulsification. Though 
some of the material has appeared in earlier publications, 
this new book serves as an invaluable guide ro the many 
advances in emulsion technology—including emulsion poly- 
merization—on which the author was working at the time 
of his death, much of which has not been previously pub- 
lished. The papers included are offered to the technical 
public in red form for the first time. All chemists and 
physicists whose work involves an understanding of deter- 
gency, films, foams, or any types of heterogenous systems 
should find this basic treatise of the utmost value. 


@e CHAPTERS: The Nature and Energetics of Surfaces; Films 
on Liquids; Films on Solids; Properties of Soap Solutions; 
Mechanism of Emulsion Polymerization; The Electric Double 
Layer of Lyophobic Colloids. 


about $10.00 


1952 500 pages 


MODERN CHEMICAL PROCESSES—Vol. 2 


by the Editors of Industrial and Engineering Chemistry in con- 
junction with the technical staffs of cooperating organizations 


This is the second volume in a series destined to prove a perpetual 
inventory of American chemical technology and the most valuable 
reference source of its kind available. Volume 2 continues the same 
factually authoritative pattern laid down by its predecessor. Twenty- 
four recently developed chemical processes, all now in operation on a 
full-scale production level, are described in the light of these essential 
details: background, including commercial history and the origin of 
present installation; description of process and operation of plant; economics 
of process, including raw materials and processing cost breakdowns, 
lant investment and amortization; personnel; and future prospects; 
including technological improvement of the process and changes in 
the industrial picture. 
e CONTENTS: Chemicals from Fats; Amy! Compounds from Pentane; 
Phenol by Sulfonation; TNT Into Phloroglucinol; Commercial Develop- 
ment of Glyoxal; Bacitracin—Product of Biochemical Engineering; 
Reagent Grade Chemicals; Lithium Compounds; Calcium Cyanamide; 
Cyanides from the Coke Oven; Pioneer Surfactant; Edible Oils; Cane 
Sugar Refining; Brewing; Food Yeast from Sulfite Liquor; Modern Wine 
making; Platinum Reforming of Gasoline; Liquid Fuels from Oil Shale; 
Modern Sulfur Mining; Sulfur from Sour Gases; Magnesia Pulping; 
Kraft Pulp Production; Kraft Papermaking; Rubber Reclaiming. 


1952 230 pages 8x11 $5.00 


REINHOLD PUBLISHING CORPORATION - Dept. M-363 + 330 West 42nd Street, New York 36, N. ¥. 


Also Publishers of CHEMICAL ENGINEERING CATALOG, CHEMICAL MATERIALS CATALOG, MATERIALS “AND METHODS, PROGRESSIVE ARCHITECTURE, 
Scientific, Technical and Architectural Books, and Advertising Management for the American Chemical Society Publications. 
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NEW! LAB-CHRON 


ELECTRIC STOPWATCH 
OFFERS 11 EXCLUSIVE FEATURES 


Unconditionally guaranteed for 1 year. 

. Built-in brake gives instantaneous stop. Absolutely eliminates 
all slide. 

Zero finding reset is built into special counter—not added to 
standard counter. 

. Optimum visibility angle due to case design. 

. High torque synchronous motor specially designed for timing. 
. No oiling—lifetime sealed lubrication. 

Fully protected start and stop switch has bakelite finger ease 
button. 

One finger reset gives easier, faster resetting. 

Panel mounting model available. 

. Small and compact—no external knobs. 

. 3-wire grounded cord and plug available on request. 


Nowe wo 


Available in 1/10 sec. model reading to 9999.9 secs. and 
1/100 min. model reading to 999.99 mins. Case—cast 
aluminum. Finish grey Hammerloid. 


No. 94650 Seconds Model (for 110 V., A.C.) $49 50 


™ No. 94651 Minutes Model (for 110 V., A.C.) 


The ONLY Magnetic Stirrer With 
TEFLON COVERED STIRRING MAGNETS 


The most compact, most powerful, small magnetic stirrer ever developed. Ideal for 
stirring in closed systems, in a vacuum, in open systems or under pressure. Ideal for 
mixing in awkward vessels such as tiny flasks, or will agitate solutions in a group of 
test tubes simultaneously. The MAGNE-STIR incorporates many new and unusual 
features and its eye-appealing appearance and rugged dependability are due to 
good engineering and careful workmanship. 


NOTE THESE MANY EXCLUSIVE FEATURES 


%& Rugged, strong cast aluminum case. can be used to one senate on the 

%& Teflon coated magnetic stirring bars, will stirrer base or can be fastened to set-up 
not break when dropped. Resistant to all frame support rod with standard clomp 
acids and alkalis. holder. 


% More powerful motor; will stir up to 1 liter  % Positive, complete speed variation from 
of liquids with viscosities up to 60% glyc- barely turning to vigorous churning action. 
erol solution. % Separate on-off switch permits stirrer to be 

%& Standard support rod 7/16” diameter is turned on and off without disturbing speed 
screwed into heavy aluminum base and setting. 


9320 MAGNETIC STIRRER, Alumaloy, Magne-Stir. 
“MAGNE-STIR." Supplied with 6 ft. line cord and plug, support rod, 1 Teflon 
covered stirring bar 5/16 in. by 114 ins. and 1 Teflon covered stirring bar $39. 50 
5/16 in. by 134 ins. but without clamps or glassware. For use on 115 _— 

50-60 cycle A. C. 


ALNICO STIRRING BARS for use with 
“MAGNE-STIR" or other types of magnetic stirrers. Alnico-Stirring Bars may be 
assorted to obtain maximum discount. 


Cat. No. Type Size Each Dozen 
9320/1 Teflon Covered 3/4” x 5/16" 2.50 2.25 
9320/2 Teflon Covered 1-1/4" x 5/16” 2.75 2.47 
9320/3 Tefion Covered 1-3/4” x 5/16” 3.00 2.70 
9320/4 Pyrex Glass Covered 3/8” x 3/8” 1.85 1.75 
9320/5 Pyrex Glass Covered 3/8” x 7/8" 1.85 1.75 


9320/6 Pyrex Glass Covered 3/8" x 1-1/2" 1.75 


STANDARD SCIENTIFIC SUPPLY CORP. 
34 West 4th Street New York 12,N. Y. 
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DETECT all METALLIC ELEMENTS 


a Glance <.= 


Using IMPROVED Spectranal Methods 


(U. S. Patent Pending) 


TWO SPECTRANAL METHODS OF ANALYSES 


Complete qualitative analysis of all metallic elements can be 
made rapidly by simple visual spectroscopic methods. By using 
a basically new method of element excitation, analyses may now be 
made directly on either metallic samples or elements in solution by 
the methods shown below. 


To Spectranal To Spectranal 
| Sample of metal c 4 
to be analyzed 
Platinum electrode Platinum electrode 
10% Nitric Acid Sample dissolved in 
solution only 10% Nitric Acid 


For analysis of metal strips, 
wires, rods, turnings, etc. 


For analysis of metallic 
elements in solution. 


1982 


In the method on the left, the excitation light appears on the 
submerged surface of the metal sample being analyzed. This 
light when viewed through the spectroscope is seen to be composed 
of only the principle spectral identification lines of each element 
present in the sample. 


In the other method, only the dissolved metallic elements pro- 
duce their identification lines. The special excitation electrode 
does not produce any lines of its own. 


A specially prepared reference table, which gives the wave 
lengths of 4 identification lines of each metallic element, is supplied 
with the instrument. One or more elements in a sample may be 
readily detected simply by noting whether their 4 reference table 
identification lines are present among the spectral lines of the sample. 


ANALYZES ALL TYPES OF SAMPLES 


Metallic elements in any type of sample material, regardless of 
its composition or physical state, may be readily analyzed. Samples 
may be alloys, biological materials, pharmaceuticals, ores, minerals, 
foods, inorganic and metallo-organic chemicals, soils, water, drugs, 
etc., either as solutions or solids. Simple procedures are given in the 
ans instructions for preparing any type of sample material for 

ysis. 


WIDE ACCEPTANCE 


Several hundred industrial, institutional, and governmental 
research and control laboratories are using the original Spectranal 
method for routine analyses. 


Write NOW for Bulletin 140. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


FEATURES 


@ Rapid detection 

@ Positive identification 

@ Good sensitivity 

@ Visual method 

@ Micro or semi-micro samples 
@ Sample not destroyed 

@ Continuous excitation 

@ Harmless excitation voltage 
@ No accessories required 


TODD SPECTRANAL as shown includes 
the built-in high quality Bausch & Lomb im- 
proved prism spectroscope with reference scale, 
achromatic lenses, and all adjustments. The 
base contains the excitation F mayo supply and 
controls. Also included are the glass excitation 
chamber with the special excitation electrode 
and a platinum electrode, support rod, clamp, 
variable scale light and beaker for water cooling. 

For use on 110 volts a. c. or d. c. Overall 
height 21”. Complete with operating in- 


IMMEDIATE SHIPMENT 


TODD SCIENTIFIC COMPANY 


Distributors and manufacturers of special scientific laboratory apparatus. 
SPRINGFIELD, PA. 
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FIRST YEAR COLLEGE CHEMISTRY 


By Joun W. Barker, Wittenberg College; and Paut K. Giasor, Carthage College. 501 pages, 
$5.00 


An elementary text designed to provide a foundation of fact and principle upon which a student can 
rely for further work in chemistry. Each chapter is divided into two sections. In the first part the 
continuum of concepts is developed. In the second, are the addenda which give historical back- 
ground, additional factual information or advanced topics of related and special interest. 


QUANTITATIVE CHEMICAL ANALYSIS 


By Caries W. Foutk, Harvey V. Moyer, and Wittiam M. MacNevin, The Ohio State 
University. Ready in April 
General theory and analytical procedures are separated in this text in order to present fundamental 
principles without confusing them with the details of specific determinations. It is designed to de- 
velop in the student an understanding of the science of chemical measurement rather than simply 
the ability to analyze a few materials. 


INTRODUCTION TO THE STUDY OF PHYSICAL CHEMISTRY 


By Lours P. Hammerr, Columbia University. International Chemical Series. Ready in July 


Considers “physical chemistry’ as a method of obtaining and organizing information about the 
phenomena of nature; namely, the method of using quantitative and mathematical techniques in 
the attack on the problems of chemistry. It is designed for college seniors, majoring in chemistry. 
For these students, the book offers examples of all the more important methods employed by the 
physical chemist, and supplies problems to help the student develop his own ability to use these 
methods. 


PRINCIPLES OF ORGANIC CHEMISTRY 


By James Enouisn, Jr. and Harotp Cassipy, Yale University. /nternational Chemical Series. 
512 pages, $6.00 
A basic text for the standard undergraduate course, this book presents a selected body of factual 
and theoretical material, and shows how this carefully chosen material, the result of experiment, 
is used in the development and practice of the science. An integrated modern treatment has been 
used throughout, incorporating electronic theories so as to unify the discussion of all topics. A 
large number of challenging problems is included. 


A SOURCE BOOK IN CHEMISTRY (1400-1900) 


By Henry M. Letcester, College of the Physicians and Surgeons of San Francisco, and 
Hersert S. KuicksTetn, University of Pennsylvania. Source Books in the History of the 
Sciences. Ready in June 


An exceptional volume, containing selections from 82 classic papers in the history of chemistry, 
each with a brief introduction explaining the significance of the contribution and relating it to the 
other selections. A short introduction indicates the earlier ideas which led up to the first selection 
included. 


Send for copies on approval 


McGRAW- HILL 
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attainment of 


true equilibrium 
bef p80 SIMPLY! 
INEXPENSIVELY! 
so ACCURATELY! 


B Now it is possible to obtain 
equilibrium flash vaporization 
data for petroleum mixtures 

as simply as determining ordinary 
boiling point data! This has been 
accomplished by the design of a 
modified recirculating type 
Othmer Still*, used by numerous 
investigators with binary and 
ternary systems, and thoroughly 
evaluated at atmospheric and 
subatmospheric pressures for 
equilibrium conditions, 


entrainment and pressure drop. 


8 With this new Still, no doubt 
exists any longer as to the 
attainment of true equilibrium 
which is normally not the case in 
continuously operated pilot 
plant equipment. 


*Othmer, Ten Eyck and Tolin 
Industrial Engineering Chemistry 
Volume 43, page 1607 (1951) 


She GRELVER @. 


| NEW YORK 13, N.Y. 


Flash Vaporization 
Equilibrium 
Still 


why 

it is wise 

to use the 

flash vaporization 
equilibrium still 


¢ It is a compact unit which may 
be set up on a laboratory bench top. 


© The initial cost is a fraction of 
that for the continuous type. 


¢ Only a small quantity of charge 
material is required per 
determination—e.g., 500 to 2000 
ml. per flash curve as compared 
with about 2 barrels for the 
continuous type. 


¢ [t requires a minimum of routine 
attention from one operator who 
may carry on other work 
concurrently. 


¢ It allows the determination of 


the initial boiling point of the 
mixture and all points of 
vaporization up to about 92%. 


© There is negligible pressure 
drop through the unit. This 


permits reading of the pressure 
at a point where condensing vapors 
do not clog the manometer. 


price 
list 

G7374 — Equilibrium Still, 

Flash Vaporization, Othmer Type. 


Complete os illustrated with i 
heating coil and connectors. 
each $139.50 
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Books 
FIRST YEAR CCLLEGE CHEMISTRY 


4 Joun W. Barker, Wittenberg College; and Paun K. GLasor, Carthage College. 501 pages, 
5.00 


An elementary text designed to provide a foundation of fact and principle upon which a student can 
rely for further work in chemistry. Each chapter is divided into two sections. In the first part the 
continuum of concepts is developed. In the second, are the addenda which give historical back- 
ground, additional factual information or advanced topics of related and special interest. 


QUANTITATIVE CHEMICAL ANALYSIS 


By W. Foutk, Harvey V. Moyer, and Wittiam M. MacNevin, The Ohio State 
University. Ready in April 
General theory and analytical procedures are separated in this text in order to present fundamental 
principles without confusing them with the details of specific determinations. It is designed to de- 
velop in the student an understanding of the science of chemical measurement rather than simply 
the ability to analyze a few materials. 


INTRODUCTION TO THE STUDY OF PHYSICAL CHEMISTRY 


By Lours P. Hammerr, Columbia University. International Chemical Series. Ready in July 


Considers “physical chemistry’’ as a method of obtaining and organizing information about the 
phenomena of nature; namely, the method of using quantitative and mathematical techniques in 
the attack on the problems of chemistry. It is designed for college seniors, majoring in chemistry. 
For these students, the book offers examples of all the more important methods employed by the 
— chemist, and supplies problems to help the student develop his own ability to use these 
methods. 


PRINCIPLES OF ORGANIC CHEMISTRY 


By James Enauisn, Jr. and Haroip Cassipy, Yale University. [nternational Chemical Series. 
512 pages, $6.00 


A basic text for the standard undergraduate course, this book presents a selected body of factual 
and theoretical material, and shows how this carefully chosen material, the result of experiment, 
is used in the development and practice of the science. An integrated modern treatment has been 
used throughout, incorporating electronic theories so as to unify the discussion of all topics. A 
large number of challenging problems is included. 


A SOURCE BOOK IN CHEMISTRY (1400-1900) 


By Henry M. Leicester, College of the Physicians and Surgeons of San Francisco, and 
Hersert 8. Kuickstetn, University of Pennsylvania. Source Books in the History of the 
Sciences. Ready in June 


An exceptional volume, containing selections from 82 classic papers in the history of chemistry, 
each with a brief introduction explaining the significance of the contribution and relating it to the 
other selections. A short introduction indicates the earlier ideas which led up to the first selection 
included. 


Send for copies on approval 


McGRAW- HILL 


BOOK COMPANY, Inc. 
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attainment of 
never true equilibrium 


so ACCURATELY! 


8 Now it is possible to obtain 
equilibrium flash vaporization 
data for petroleum mixtures 
assimply as determining ordinary 
boiling point data! This has been 
accomplished by the design of a 
modified recirculating type 
Othmer Still*, used by numerous 
investigators with binary and 
ternary systems, and thoroughly 
evaluated at atmospheric and 
subatmospheric pressures for 
equilibrium conditions, 


entrainment and pressure drop. 


8 With this new Still, no doubt 


exists any longer as to the 


attainment of true equilibrium 

which is normally not the case in 
continuously operated pilot 
plant equipment. 


*Othmer, Ten Eyck and Tolin 
Industrial Engineering Chemistry 
Volume 43, page 1607 (1951) 


FMT, GREINER 


) NEW YORK 13,N 


20-26 N. MOORE STREET 


so SIMPLY! 
before ! 80 INEXPENSIVELY ! 


Flash 


Vaporization 
Equilibrium 
Still 


it is wise 

to use the 

flash vaporization 
equilibrium still 


© It is a compact unit which may 
be set up on a laboratory bench top. 


© The initial cost is a fraction of 
that for the continuous type. 


¢ Only a small quantity of charge 
material is required per 
determination—e.g., 500 to 2000 
ml. per flash curve as compared 
with about 2 barrels for the 
continuous type. 


© [t requires a minimum of routine 
attention from one operator who 
may carry on other work 
concurrently. 


¢ It allows the determination of 
the initial boiling point of the 
mixture and all points of 
vaporization up to about 92%. 


¢ There is negligible pressure 
drop through the unit. This 
permits reading of the pressure 

at a point where condensing vapors 
do not clog the manometer. 


price 


list 


G7374 — Equilibrium Still, 


Flash Vapertontion, Othmer Type. 
lete as ill ted with i 
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SPECIFIC GRAVITY 
BALANCE for LIQUIDS 


No Loose Riders or Hooks! Quick, Accurate 
Readings Taken Directly from Vernier to 1/1000 S.G. 


SPECIFICATIONS 


BEAM: Aluminum. 8%” long. 200 Graduations from .0 
at right, to Q. at left. 7 


BASE: Solid Aluminum sheet—14” x 7” wide. 3” diameter 
hole for easy insertion of plummet into glass jar. Attached 
pas platform to support sample jar—can be pushed aside 
or completely removed. 


PLUMMET: Glass with enclosed thermometer, ranging from 
5° to 30° with 20° point marked in red. Plummet displaces 
2 grams of distilled water at 20° Centigrade. 


VERNIER: Sliding type, runs in track on reverse of beam with 
stop at either end. Vernier cannot be knocked off beam— 
face has unbreakable Lucite magnifier for easy reading. 


Other PLUS Features: 
@ Fallaway Type Beam Arrest 
© Hardened Steel Knife Edges 
© Selected Solid Brazilian Agate Bearings 


For 


Cast Aluminum 


LIFETIME 
DESICCATOR 


Lightweightl 
Effectivel 


Eliminates the Possi- 
bility of Breakage! 


This carefully con- 
structed ‘good for a life- 
time’ Desiccator weighs 
only a fraction of com- 
parable glassdesiccators, 
yet cannot be damaged 
by bumping or dropping. 

Ground joint seal as- 
sures air tight closure and the aluminum body quickly and effectively 
dissipates the heat. 

Baked-on Gray Hammerloid metallized finish. Individually packed 
in cartons. 


Write for Further Information. 


Serving Laboratories for 
Over Half A Century. . 


A. DAIGGER & CO. 


159 West Kinzie St. 


BALANCE, Complete with Plummet and 1 Glass Jar (4%2” 
deep x wide inside. $66.00 


NEW! IMPROVED LAB ESSENTIALS 


Mighty Midget STIRRER 


3 SPEEDS: 300, 600, 900, R.P.M. 
Pre-Selected by Convenient Knob 


Ideal for General Laboratory Stirring! 


Features: 
@ Series Wound Motor— 
pulls 65 watts 
@ 1/16 Horsepower 
@ Underwriters Laboratory 
Approved 
@ Specially Designed 
ounting Bracket—per- 
mits safe mounting in any 
position, sliding on rod 
or hooked on. 
© Special 3 Jaw Self Ad- 
justing CHUCK—up to 
Y%" for stitring rods. 
@ Gray Hammerloid Finish 
@ 115 Volts AC-DC 
STIRRER, Complete with Chuck, 
Bracket, B ft. Rubber Covered cord 
and plug and 8 in. Aluminum 
Support Rod. Price. .$34.50 


6 In. Teflon No Vortex Stirring 
Rods to fit Stirrer. Each. .$9.50 


Chicago 10, Ill. 


JOURNAL OF CHEMICAL EDUCATION, APRIL, 1952 


: 
i 
| 
"ti 
‘ 
t 
: 
chool and Industry 
4 
rt 
: 
ve 
10 


95? 


Please mention CHEMICAL EDUCATION when writing to advertisers 


TING 
goth PLUNGER MEGM 
4 


Here’s a fast vacuum pump that’s portable, compact, 
dependable . . . Kinney Model CVM 3153. It’s the 
only pump in its class with the rotating plunger mech- 


anism — the same long lasting, wear-free, oil-sealed 


mechanism that has made Kinney the largest selling 
line of vacuum pumps throughout the world. 


Model CVM 3153, complete with % HP motor, adds up 
to a mere 70 Ibs. Free air displacement is 2 cu. ft. per min. 
Due to its design and precision construction, Model CVM 3153 
retains a very high percentage of its pumping speed right 
down to the micron range. Before it leaves our factory, each 
Kinney Model CVM 3153 is required to produce Mcleod 
Gauge absolute pressure readings of 0.2 micron or better. 


SEND COUPON FOR 
a COMPLETE DETAILS 


Kinney Manufacturing Co., Boston 30, Mass. Rep- 
resentatives in New York, Chicago, Philadelphia, 
Cleveland, Houston, New Orleans, Los Angeles, 
San Francisco, Seattle, and foreign countries. 


KINNEY MANUFACTURING CO. 
‘ 3605 WASHINGTON ST., BOSTON 30, MASS. 


[[] Please send Bulletin SV-51 describing Kinney Vacuum Pump Model 


} 
{ 
{ CVM 3153. | 
=) H [_] Who is the Kinney Distributor in my region? I 
PUMPS 
j Street 
City State 
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STANDARD 
of 
PURITY 


For nearly seven decades, the name 


Baker & Adamson has been ‘ 
synonymous with purity and quality = 
in reagent chemicals. 


..-As micrometers of the chemical 
laboratory, “B&A Quality” Reagents are 
uniformly accurate. Year after year, batch 
after batch, each is made to meet impartial, 
predetermined specifications established by the 
American Chemical Society—the accepted 
standards for laboratory chemicals 
throughout the world, 


When purity is a must—specify B&A Reagents! 


Baker & ADAMSON 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 

RECTOR STREET, NEW YORK 6, N. 
Offices: Albany* Aclanta ¢ Baltimore Birmingham* Boston* ¢ Bridgeport* Buffalo* 
Charlotte* Chicago* Cleveland* Denver* Detroit* Houston* ¢ Jacksonville 


Kalamazoo ¢* Los Angeles* ©* Minneapolis * New York* ¢ Philadelphia* ¢ Pittsburgh* 
Portland (Ore.) © Providence* © St. Louis* © San Francisco* © Seattle * Yakima (Wash.) 


In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 

In Canada: The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vancouver* 
THE FACE CHEMICAL PURITY 1882 
*Complete stocks are carried here, 


STANDARD 
or 
PuRITY 
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Thermom- 

#43504; 
010 110°C 
otal Imm, 


ACCURATE 
The acturaty of Kitible 
thermometers is kept within 
tolerances allowed by the 
National Byreay of Stondards. 


ACIO-RESISTANT. .. 
ORGANIC-RESISTANT 

Permanent <clored filler fused into Kimble 
thermometers can never erode, Here are 
thermometers designed to sfay legible. Their 
durable markings are unaffected by attacks of 
organic materials and acids {except hydrofluoric) 
and have as much resistance to alkalis as the glass . 
itself. And because Kimble thermometers have such a 
long, useful life-—they are the most economical to use. 


EASY-TO-READ 
Yellow backs and white backs behind columns give 
these thermometers high visibility. Modern lining 
and numbering permit easier reading . . . save 
time —reduce chances of error. 


KIMBLE GLASS ono 


Division of Owens-Illinois Glass Company 
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Photo Courtesy— Bayonne Works of The International Nickel Co., Inc. 


In America’s Leading Laboratories’ New Christian Becker Balances provide 


ONLY IN A CHRISTIAN BECKER 
WILL YOU FIND ALL THESE FEATURES 


Constant Sensitivity at All Loads — Made 
possible through special alloy, flexure- 
resistant beam, plus the use of precise and 
exclusive adjusting techniques. 

Speed-up Operation — New design, quick- 
acting damper, smooth-acting, one-motion 
rider lifter, immediately accessible control 
knobs speed operation. } 
Quicker Readings — Larger, easy to see nu- 
merals on scientifically positioned, constant- 
eye-level dial and vernier. All adjustments 
made from outside of case. 

Greater Working Access —Entire front of 
balance opens. Full working area instantly 
accessible. No cramping of 
hands while weighing. 
Prolonged Sensitivity — 
Less knife edge dulling, 
beam arrest arms and beam 
pivot on a common axis — 
no sliding of knife edge on 
bearing surface. 


"Beckerloy’ Weights 


Unsurpassed 
Accuracy! 


*Shown above are Christian Becker Balances 
AB-1 and IL-3 in use at the Bayonne Works of Use ' 
The International Nickel Co., Inc., Bayonne, N. J. To C 


Division of 


THE TORSION BALANCE COMPANY 


Main Office and Factory: Clifton, New Jersey ‘Sales Offices: Chicago * San Francise 
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JUST PUBLISHED—A UNIQUE TEXT! 
INTRODUCTORY GENERAL CHEMISTRY 


by John E. Cavelti, Ph.D. 
Allegheny College 


THIS IS A STUDENT'S BOOK 


This short, general chemistry will hold his interest, stimulate his thinking, from the story 
of how the word ‘‘atom”’ was coined, to the final challenging problem. Chemical principles 
‘and their applications in everyday life are introduced and explained in an easy, colorful 
style—this is a text the student will enjoy reading. 


FOR THE FIRST CHEMISTRY COURSE’ 


Teachers will find this the ideal text for a terminal freshman course. The historical back- 
ground of chemistry is woven throughout the 26 chapters. A complete chapter is devoted 
to scientific measurements and method—how they developed, how to use them. Funda- 
mental ideas, descriptions of important elements and compounds and of typical chemical 
industries are set forth in an original, easy-to-follow manner. 


FOR A CHEMISTRY MAJOR’S FIRST COURSE 


Chemistry majors will find in this book all the necessary material for their first course. 
They will be introduced to the language of organic chemistry (i.e., why ‘‘symmetrical 
trinitrotoluene’’ becomes easier, more logical than TNT) and to the nature of some organic 
compounds essential to life. 


OUTSTANDING TEACHING AIDS 


“Why should anyone have thought of atoms in ancient Greece ?’’—‘‘Describe the Frasch 
process for mining sulfur.’’ These are just two examples of the Topics for Thought that 
conclude each chapter. Suggestions for Reading are also listed at the end of every chapter, 
often with a brief note on why the recommended books are helpful. The Appendix: 
“Questions Involving Arithmetic’’ is exceptionally useful. 


HERE IS A TEXT TO GIVE SCIENCE AND NON-SCIENCE STUDENTS 
50 A BASIC COMPREHENSION OF CHEMISTRY 
49 Illustrations - 423Pages - $4.— 


Use This Handy Coupon [ 

To Order Your Copies Now! P | THE BLAKISTON COMPANY 
Va 1012 Walnut Street 105 Bond Street 
: Philadelphia 5, Pa. Toronto 2, Canada. 


full if I return it within 10 days. 
(J Send for 90-day teacher examination. [] Send for personal use. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Please send me a copy of Cavelti’s “INTRODUCTORY GENERAL CHEMIS- 
TRY”. If requested for personal use, I understand you will credit my account in 
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Sargent 
Model 


A very sensitive, stable measuring instrument for chemical 
analytical procedures, based on the electrical properties 
of the substances to be identified, differentiated or deter- 
mined. Opens a new broad field for the development of 
analytical methods and control procedures. 

Readings are made in scale units having the dimensions 
of capacitance, and are proportional to that capacitance 
which is equivalent to the effect of the sample on the LC 
ratio of an oscillator. 

In its measurement of characteristics, it recognizes 
resistivity, electrical moments of the molecule and all 
factors contributing to the dielectric constant. 

Unlike prior electrometric instruments for chemical 
purposes, the Oscillometer operates with the samples 
isolated in glass cells, having no structural connection 
of any kind with electrical circuits, and so precludes any 
possibility of electrolytic alteration of sample composi- 
tion and of contamination by diffusion effects or metallic 
solubilities. 

In terms of dielectric constant as applied to the 
measurement of non-aqueous substances, the sensitivity 
and reproducibility of the Sargent Chemical Oscillometer 
averages about 1/300 (one three-hundredth) of a dielectric 
constant unit, when using full range cells. Stated other- 


CHEMICAL 


OSCILLOMETER 


wise, the range of dielectric measurement from air to 
water corresponds with a scale range in the oscillometer 
of roughly twenty-four thousand units, reproduceable 
within approximately one such scale unit, insofar as 
instrumental characteristics are concerned. 

In application to electrolytes, as in titrations normally 
considered conductimetric or potentiometric, the sensi- 
tivity of end point indication is best in the lower range 
of common conductivities but is excellent in reactions of 
strong acids and bases as well, provided the reaction 
medium can be held to a maximum concentration in the 
order of magnitude of 1/100 normal. 

The detection of water in non-aqueous media is ex- 
tremely sharp and indicates direct procedures in many 
instances. 

Tota! working scale range is thirty-two thousand scale 
units, applied by a multiple-turn dial and additive range 
switches. Internal range checking standards are incorpo- 
rated. The frequency is five megacycles. 

Estimated inherent instrumental precision, 1/10%. 

Small and large cells are supplied, one for samples from 
5 to 12 ml and the other for titrations. The titration cell 
accommodates a glass stirrer operating continuously with- 
out prejudice to the accuracy of measurements. 
$-29180 SARGENT CHEMICAL OSCILLOMETER, 
with two interchangeable cell holders and cells. Available 
for prompt delivery........... 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS APPARATUS CHEMICALS 


100th 
vewary E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
E. H. SARGENT & CO. MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN a 
1852-1952 


SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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C & B Reagent Chemicals are manufactured to meet 
definite standards of purity . .. standards which have 
been set up to insure products suitable for research 
and analytical use. These standards are based upon 


the publications of the Committee on Analytical 


Reagents of the American Chemical Society and 
our own experience of over thirty years in the manu- 


_ facture of fine chemicals. 


(453 


Sodium CS 


REAGENT GRADE 
PELLETS 
mee Impurities and Specifirations 


C_& B Products are Distributed by Laboratory and Physician 
Supply Houses throughout the World. 


TiFic, LABORA TOR 
MANUFACTURING nu 


Write for Copy of our Catalog 


THE COLEMAN & BELL CO., Inc. 
Manufacturing Chemists: NORWOOD, OHIO, U.S.A. 


REAGENT CHEMICALS. - BIOLOGICAL STAINS 
INDICATORS _ SOLUTIONS —- TEST PAPERS 
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Beckman Model N pH Meter 


for your 


pH requirements 


Whether in the scientific lab, pilot plant, oil field, orchard, mine or food 
plant the completely portable, self-contained Beckman Model N is one 
of the most useful pH Meters ever developed. It incorporates all of the 
features necessary for simple, quick and accurate pH measurements even 


under the most severe conditions. 


Check these features! 


© Completely Portable —No outside power needed. Batteries and 
electronic unit housed in convenient die-cast aluminum case. Weighs 


only 8 Ibs. 


© Simple to Operate—Only 4 controls are used. Set the temp. com- 
pensator, make a standardization against a buffer, immerse electrodes 
and take your pH reading directly from dial. 

© Extremely Versatile —Same wide variety of electrodes may be used 
with the model N as with the Models M, H, and H-2. 

® Rapid, Accurate Action—With a warm-up of only 10 seconds, 
the Model N assures accuracy of 0.1 pH unit in rapid analysis and 


0.03 with careful technique. 


© Economical—Costs less than 2¢ per hour to operate. 


Buy the Beckman... . and for quick delivery 
and better service, buy from MACHLETT! 


43-367 Beckman Model N-1 pH Meter supplied with Glass and Reference Electrodes, 
50 ml. Beaker, pH 7 Buffer Solution, and KCI Solution. F.O.B. NY, NY......$180.00 


43-367 Beckman Model N-2 is designed especially for field use. It is equipped with a 


case which enables the operator to carry everythin 
hand. It is supplied with the same Electrodes and 
eter and Polyethylene Bottles for Buffer and water. 


needed for pH measurements in one 
ccessories as the N-1 plus a Thermom- 
F.0.8. NY, 


Visit our Exhibit in Booth 35 at the Meeting of the Federa- 
tion of American Societies for Experimental Biology being 
held at the Hotel Statler, New York City, April 14-17. 


E. MACHLETT & SON 


ESTABLISHED i897 
Laboratory APPARATUS » SUPPLIES CHEMICALS 
220 East 23rd STREET: NEw YorK 10,N.Y. 
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KNIGHT-WARE 
Acid-Proof Equipmen 


offers permanent 
PROTECTION 


Knight-Ware is 
no ordinary ‘sew- 
er pipe’ ceramic 
— it is a special 
acid-proof ceram- 
ic that resis- 
tant to all corro- 
sives.* It was de- 
veloped by a company with 
over 45 years’ experience in the 
manufacture of acid-proof 
chemical equipment. 


Knight-Ware sinks, sumps, pipe 
and fume ducts can be _instal- 
led by any competent plumber. 
No expensive molds re- 
quired hence special pipe fit- 
tings can be made to order at 
relatively low cost. Knight- 


Ware is widely used in colleges, 
hospitals, laboratories and pub- 
lishing plants, as well as in in- 
dustrial, chemical and pharma- 
ceutical plants. Write for Bul- 
letin No. 5-Y for complete de- 
tails. 


* Excepting hydrofluoric acid and hot caustics. 


MAURICE A. KNIGHT 
204 Kelly Ave., Akron 9, O. 


Acid and Alkali-proof Chemical Equipmen! 
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FLOUR | 
| SUGAR 
SOAPS. 
TOBACCO 
RICE ORY MILK 


FOUNDRY SAND 


MEASURES 
WEIGHING 


new instrument 
determines moisture 
faster and more 
accurately 


@e@ drying by infrared radiation 
nd weighing with a sensitive torsion 
alance indicates moisture in flour, oats, 
ry milk, sugar, rice, hay, detergents, 
oundry sands and other products with 
peed, accuracy and reproducibility. Read- 
gs are direct in percentage of moisture 
ontent. Scale is graduated 0 to 100% circular 1210 
in .2% divisions. 


Write for descriptive 


CENTRAL SCIENTIFIC COMPANY 


Refinery Supply Company Scientific Instruments + Laboratory Supplies ENO) 
Tulse—Houston 1700 Irving Park Road, Chicago 13 
CHICAGO WEWYORK BOSTON WASHINGTON DETROIT SAN FRANCISCO SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER 
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UINCKRODT CHEMICAL works 


MONTREAL PHILADELPHIA nt 


The Mallinckrodt AR®* label provides unmustakabie legibility and gives com- 

plete information: On side panels are the Maximum Limits of Impurities, molec- 

ular weight, chemical formula, caution statement, and the Mallinckrodt control 

symbol. But the most important element on the label is the name Mallinckrodt, 
awe for 85 years a symbol of fine chemicals. 


Maximum limits of impurities mean published, pre-determined standards— 
the analytical chemist’s guarantee of reagent quality. They are standards which 
cannot be changed to accommodate variations in quality of production. They 
insure that Mallinckrodt AR’s contain negligible quantities of impurities—unvary- 

\ ing from package to package and lot to lot. 


Mallinckrodt distributors, more than sixty-five of them, in every part of the. 
country can make prompt delivery of your order from complete stocks. And 
standing behind them are extensive Mallinckrodt facilities for service and pro- 

) duction, keeping them constantly stocked to supply your needs. 


MALLINCKRODT CHEMICAL WORKS 
Mallinckrodt St., St. Louis 7, Mo. * 72 Gold St., New York 8, N.Y. 
Chicago * Cincinnati * Cleveland + LosAngeles * Montreal * Philadeiphia + San Francisco 


*TRADEMARK 
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V. R. Damerell A COURSE IN 
Western Reserve University COLLEGE CHEMISTRY 


HERE IS A COMPACT, lively beginning text with a limited 
terminology, original and provocative analogies, and clarify- 
ing illustrations designed to hold the interest of the non- 
chemistry major while giving him a solid grounding in the 
science. A few supplementary assignments will enable any 
preprofessional student to complete his professional training 
at the freshman level. The chemistry of groups of sub- 
stances as they occur in nature and in daily life is the key 
to the presentation offered. Topics progress chiefly in 
order of increasing molecular complexity. Coming in April 


I. M. Kolthoff TEXTBOOK OF QUANTI- 
University f Minnesota T ‘ATIVE INORG ANIC 
E. B. Sandell ANALYSIS, 3rd Ed. 


University of Minnesota 
COVERING FULLY the fundamental theories of quantita- 
tive inorganic analysis, the practical methods of working, 
and the most important classical procedures, the authors 
have maintained in the revision the high quality of organiza- 
tion and content which brought such complete satisfaction to 
users of the first editions. The book gives the beginning 
student a broader approach to the whole field of quantitative 
analysis and gives the advanced student a less specialized 
text. Coming in Spring 


James B. Conant THE CHEMISTRY OF 


President, Harvard University 


ORGANIC COMPOUNDS, 
A. H. Blatt © 4th Ed. 


Queens College 

IN THE FOURTH EDITION the authors include new 
material dealing with the mechanisms of organic reactions 
and the directions which the reactions take. They discuss 
their treatment of reaction mechanisms in the following 
statements taken from the preface: ‘In dealing with reac- 
tion mechanisms, we have included discussions of important 
general types of mechanisms in connection with a limited 
number of examples of each type. We have not discussed 
any large number of reactions from the standpoint of mecha- 
nism because our experience has shown that this is better 
done in an advanced course after the student has become 
familiar with the reactions. ... . We have tried to make 
clear the distinction between the mechanism by which a 
reaction takes place and the interpretation of the direction 
which the reaction follows; for example, while the nitration 
of toluene and of nitrobenzene proceed by the same mecha- 
nism, the directions of substitution are different. Coming in 
Spring 


60 Fifth Avenue THE MACMILLAN COMPANY new york, n. v. 
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8 x 11 x 16” high 


N.w you can dispense chemical and serological re- 
agents, serums, antigens, antitoxins, biologicals, etc., 
with micro accuracy—at speeds instantly variable from 
10 to 90 deliveries per minute. A unique ‘‘Ever-Dri’’ 


delivery tip prevents hanging drop. 


The Filamatic covers the entire range from .025 cc. to 
50 cc. without expensive attachments ... makes accu- 
rate, full-capacity deliveries. (Adapter rings are avail- 
able for 1, 3, 5, 10, 20 and 30 cc. syringes.) 


Some of the outstanding features of this new low-priced 


SCIENTIFIC GLAS 


Pipette and 


Micre Accuracy 
° Wide Filling Range 


instrument are: 1. Electronic speed control. 2 
Vernier adjustment of delivery volume. 3. Magneti 
brake. 4. Heavy-duty motor. 5. Aseptic filling uni 
6. Clearly indicated post setting for each size syringe. 


A simplified two-knob control makes the Filamati 
easy to operate. All liquid-contacting parts are ma 
of stainless steel. And all rotating and moving p 
are fitted with Oilite self-lubricating bearings. 


Write for complete information. 


APPARATUS CO..INc. 


BLOOMFIELD - NEW JERSEY 


LABORATORY APPARATUS - INSTRUMENTS ~ CHEMICALS - GLASSWARE 
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Clemens Schopf 
(See page 168) 


‘ 
‘rol. 2 
Aagnetit 
syringe. 
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| 
PRIL, 199! 


Patent No. 1,872,465 


for 
Accurate 
Efficient 
Weighing 


CAPACITY 
111 g. 
With extra weight 201 g. 
SENSITIVITY 
0.01 g. or less 


3 
BEAM SCALES 


visible at eye level 


COBALITE 
KNIFE EDGES 


Patented 
ONE-PIECE BEAM 
AGATE BEARINGS CONSTRUCTION 


NO. 4030. BALANCE, Triple-Beam, Stainless Steel. This balance has for many 
years held a high place among triple-beam scales for accuracy and sensitivity. We 
now present it in an improved form, just as sensitive and ideal for rapid weighings 
within its capacity in physics and chemical laboratories. 


Each *292.25 


Extra weight $1.30 additional 


1800 
«CHICAGO 10, U5. 


JOURNAL OF CHEMICAL EDUCATION, APRIL, sa] 


: 
referred Scale 
N 
; 
um 
ma 
No. 4030 whe 
age 
the 
out 
are 
cor 
cal 
ste 
ten 
ele 
atc 
pr 
Cal 
h 
old 
pre 
; 
24 


any 
We 


ngs 


“Excision principles” are dangerous things to tie 
our-thoughts to. I do not mean to imply serious doubt 
as to the inability of two electrons to have simulta- 
neously the same combination of quantum numbers, but 
in general, it is bad practice to insist that things ‘“ain’t 
so” or “don’t happen.” For it generally turns out that 
time and experience make us eat our words. 

We cater to a certain element of laziness apparently 
inherent in the learning process, a weakness which 
makes the learner want the teacher to do most of his 
thinking for him. You know how it is; even children 
don’t want their questions answered by: ‘Well, some 
people think it is like this, and some people think it is 
like that.” That’s confusing; they want to know 
what’s what—period. But the trouble is that—at any 


_age—it is generally impossible to tell exactly what 


“what” is. Unfortunately, that’s science. 

Nevertheless, we try to be accommodating and, in 
the interest of what we think is good pedagogy, we lay 
out neat categories of things that are and things that 
aren’t. And right away, of course, the sheep and the 
goats start climbing the fences and breaking out of their 
corrals and wandering off to be recaptured. And we 
can’t drive them back into their original pens. 

Look at the older textbooks of chemistry. Young- 
sters were taught (and no doubt to a considerable ex- 
tent still are) certain articles of faith upon which their 
scientific education was based. As examples: (1) One 
element cannot be changed into another; (2) all the 
atoms of an element are exactly alike in mass and 
properties; (3) the total mass of a system is constant, 
no matter what changes go on within it; (4) fluorine 
cannot combine with oxygen. The first two of these 
had to be abandoned within the memory of some of us 
old-timers, to be replaced by: (5) The isotopes of an ele- 
ment differ only in atomic mass and not in chemical 
properties. 


All these little sheep—and some others—jumped the 
fence long ago and we have let them wander. But the 
trouble is that we kept them penned up in our text- 
books long after they legitimately won their freedom. 
It is by no means a new observation that inertia (or 
something!) keeps both teachers and textbook writers 
far behind the advance of discovery. A certain 
amount of lag is inevitable, and no doubt desirable, 
but the gap should be narrow enough to see across 
so that the horizon does not disappear in the misty 
distance. 

Another of these “categorical denials” has lost its 
justification recently, and it will be interesting to see 
how long it continues to persist in the teaching of 
elementary chemistry. For it has been a point gravely 
insisted upon by every conscientious teacher: The 
rate of decay of a radioactive element is a charac- 
teristic, constant process uninfluenced by temperature 
or state of chemical combination. Bainbridge, Gold- 
haber, and Wilson, reporting at the recent meeting of 
the American Physical Society, confirmed the conclu- 
sions of earlier workers that this article of faith is no 
longer tenable. The theory concerned with it is 
quite plausible in the light of what we have learned 
about nuclear structure and electron behavior. 

Maybe the reader will be tired of all this and point 
out that it could all be summed up in two words: 
Science advances. Of course, but the point is that we 
have to advance with it. Such changes and readjust- 
ments should not frustrate but excite us. No one 
should be mentally agonized to discover that the 
axioms which he learned yesterday are no longer true 
today. That’s the thrill of scientific adventure, and 
unless we can stand the strain of it we had better sit in 
a safe spot and not embark upon it. If our minds are 
too inflexible to change rapidly we had better stay 
away from science. 
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Gallium Crystals 


Axrnovcn gallium was discovered over 75 years ago 
(1875), it is only within the past few years that the 
metal has advanced beyond the stage of a laboratory 
curiosity and has become available commercially. The 
unique properties of this element have challenged inves- 
tigators in many laboratories in this country and abroad 
but its commercial utilization still lies in the future. 


HISTORY 


The element gallium was discovered and isolated in 
France in 1875 by Boisbaudran, a brilliant investigator 
in the field of spectroscopy (1). He noted as early as 
1863 that the spectral lines of the boron-aluminum 
family form patterns of the same type, with regular 
variations from one element to the next. However, 
there was a gap between indium and aluminum which 
Boisbaudran correctly interpreted to indicate an undis- 
covered element. He immediately began to search 
for it and was rewarded with success twelve years later. 

In 1875, while examining with the spectroscope some 
samples of zinc blende from the Pyrenees, Boisbaudran 
noticed two intense lines in the violet part of the spark 
spectrum. These wave lengths, of about 4172 and 4033 
A,, were ascribed to a new element. He successfully 
isolated hydrated gallium oxide from the zine ore by 
chemical methods and obtained the metal by electrol- 
ysis of a solution of this compound in caustic potash. 

Gallium is of particular interest because it was the 
first element to be discovered by the aid of its spark 
spectrum and was also the first to be discovered of the 
three “eka” elements predicted by Mendeleev five years 
previously. The close agreement of the properties 
of the newly discovered element with the predicted 
properties for eka-aluminum encouraged general accept- 
ance of Mendeleev’s periodic system. 


GALLIUM 


G. H. WAGNER 
and W. H. GITZEN 


Aluminum Company of America 


East St. Louis, Ilinois 


PROPERTIES 


Gallium, atomic number 31, has an atomic weight of 
69.72. It belongs in the boron-aluminum family along 
with indium and thallium. Consequently, it shows 
marked resemblance to aluminum in most of its chemical 
properties but differs in several important respects. 

Gallium is generally stated to be soluble in sodium 
hydroxide and in hydrochloric, nitric, and sulfuric 
acids. With high-purity metal, however, the rate of 
attack by these reagents decreases markedly with in- 
creasing purity of the gallium beyond 99.9 per cent. 
Aqua regia is one of the best solvents for the metal. 
Gallium salts are generally prepared from the pure 
metal, since it is usually more advantageous to purify 
the metal than the salts. The solution of the metal in 
a mixture of nitric and hydrochloric acids can be neu- 
tralized with ammonium hydroxide or ammonium car- 
bonate to yield a precipitate suitable for preparing 
many gallium salts by solution in the corresponding 
acids. If anhydrous gallium chloride is desired, it is 
best prepared by heating the metal in a stream of 
anhydrous hydrochloric acid or chlorine, and recovering 
the gallium chloride as a sublimate. Anhydrous gallium 
chloride is very hygroscopic. 

Hot, concentrated perchloric acid dissolves gallium 
rapidly and, on cooling, hydrated gallium perchlorate 
precipitates nearly quantitatively (2). This is said to 
be satisfactory starting material for the preparation of 
other gallium compounds. The usual precautions 
should be observed to prevent contact of the perchloric 
acid, or the crystals, with organic matter, because of 
the danger of explosion. The filtrate from the crystals 
is more concentrated than the perchloric acid used 
(72 per cent), on account of the removal of water from 
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Physical Properties 
Atomic number 31 
Atomic weight 69.72 
Crystal structure Orthorhombic 
Melting point, °C. 29.75 
Boiling point, °C. eal 1983 
Specific gravity, g./ml. 
Rolid (29.6°C.) 5.904 
Liquid 32.38°C. 6.093 
301 5.905 
600 5.720 
806 5.604 
1100 5.445 
Specific volume at melting point, ml./g. 
Solid (29.6°C.) 0.1694 
Liquid (29.8 °C.) 0.1641 
Linear coeff. of thermal expansion (solid) 1.8 X 10-5 
Vapor pressure, mm. Hg. 
315°C. 1.0 
1497 10. 
1726 100. 
1807 200. 
1895 400. 
Specific heat, cal./g. ( °C.) 
Solid (0° to 24°C.) 0.09 
Liquid (12.5° to 200°C.) 0.082 
Latent heat of fusion, cal./g. 19.16 
Surface tension, dynes/cm. 735 
Volume resistivity (microhms-cm. ) 
Solid (0°C.) 53 
Liquid (30.3 °C.) 7.2 


the solution by the crystallization of the gallium per- 
chlorate hexahydrate. 

Gallium usually has a valence of three but compounds 
with lower valence can be formed. Trivalent hydrex- 
ides, oxides, and salts resemble the correspondirg 
compounds cf aluminum. Gallium also forms a rather 
extensive series of metallo-organic compounds. 

The most common hydrate of gallium oxide is the 
monohydrate, GazO;-H,O—isomorphous with diaspore— 
which is converted to the anhydrous oxide on calcina- 
tion. Laubengayer and Engle (3) reported the prepara- 
tion of gallia trihydrate but Foster and Stumpf (4) 
were unable to obtain the trihydrate and concluded 
that only the monohydrate exists. Like aluminum, 
gallium is amphoteric. However, gallium hydroxide 
has stronger acid properties and weaker basic proper- 
ties than aluminum hydroxide (4). Also, like alumi- 
num, gallium forms alums. 

Metallic gallium, however, shows little resemblance 
to aluminum in physical properties. It melts at 29.75 
°C. Only two metals have lower melting points—mer- 
cury, melting at —39°C. and cesium, at 28.5°C. It is 
remarkable that, notwithstanding the low melting 
point of gallium, its boiling point is high. Values re- 
ported vary from 1983° (6) to 2070°C. (7), derived from 
comparatively low-temperature vapor-pressure deter- 
minations. 

The density of gallium increases from 5.904 (solid) 
at 29.6°C. to 6.095 g./ml. (liquid) at 29.8°C. Addi- 
tional physical properties are given in the table. 

Gallium, unlike most metals but like water, expands 
on freezing (3.2 per cent). Other metals that expand on 
freezing are bismuth and germanium. 

Since gallium may freeze and melt at temperatures 
frequently met in transit, packaging for shipment or 
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storage obviously requires containers capable of ex- 
panding. Gelatin capsules have been used to package 
small amounts, up to 50 g., and rubber bulbs or poly- 
ethylene bottles for larger quantities. Fortunately, 
polyethylene is one of the few materials not readily 
wet by liquid gallium, hence losses resulting from wet- 
ting are minimized. 

When pure, gallium is a silvery-white metal with a 
slight bluish color, and the liquid metal, like mercury, 
has a brilliant mirror surface. 

Gallium alloys readily with many metals at tempera- 
tures between its melting point and about 600°C. Its 
rapid alloying action with aluminum may be demon- 
strated by drawing a streak with a crystal of gallium 
across a thin aluminum sheet. Intergranular pene- 
tration causes the aluminum to disintegrate within a 
few minutes, allowing the sheet to be pulled apart 
easily along the streak. Tungsten resists attack by 
gallium below 800°C. (6). Alloys with indium, tin, 
zinc, cadmium, and aluminum have low melting tem- 
peratures, in some cases lower than that of gallium. 
The copper-gallium and silver-gallium alloy systems 
have been investigated extensively. Small amounts of 
gallium have a marked influence on the properties of 
several metals. The electrical resistivity of copper is 
raised from. 1.677 microhm-cm. to 2.830 micrchm-cm. 
at 18°C. by the addition of 0.845 atom per cent. 

Up to 5 per cent gallium improves the strength and 
ductility of magnesium alloys. The resistance of mag- 
nesium to corrosion is also improved (8, 9). Galiium 
inhibits the development of coarse grain during the 
heat treatment of Mg-Al-Zn-Be alloys. 

Liquid gallium is soluble in mercury only to about 
1.3 per cent at 35°C. (10). 

High-purity liquid gallium has a marked tendency to 
supercool and frequently can be held for days in an ice 
bath without crystallizing. However, if a small crystal 
of gallium, or even ice, is introduced, crystallization 
will take place rapidly. In this manner several hun- 
dred grams of gallium in an evaporating dish can be 


Gallium Melting at Body Temperature 
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converted into a mass of beautiful orthorhombic crystals 
in a few minutes (see the figure). 


Gallium Crystallizing from Ice-Cooled Liquid Metal 


Single, large, orthorhombic crystals of gallium can be 
obtained easily and may be grown as rods by crystal- 
lizing in tubes. Crystals of gallium show marked dif- 
ferences in electrical resistivity and thermal expansion 
along the direction of the three crystallographic axes 
(11). Electrical resistance varies as 1:3.2:7 and coeffi- 
cient of thermal expansion as 31:16:11. The variation 
in electrical resistivity is believed to be greater than for 
any other metal. 


OCCURRENCE 


Gallium, like aluminum, is a widely distributed 
element, but whereas aluminum occurs in tremendous 
tonnages in many deposits, gallium is seldom found in 
more than trace amounts, usually below 0.01 per cent. 
Gallium occurs in many common ores, in meteorites, 
in sea and mineral waters, in petrified wood and some 
vegetation. 

No minerals containing substantial amounts of gal- 
lium have been found. The richest known mineral is 
germanite, which is said to contain up to 1 per cent gal- 
lium together with 5 to 8 per cent germanium. Although 
gallium usually occurs only in trace amounts, Gold- 
schmidt (12) estimates that the abundance of gallium 
in the earth’s crust is about the same as that of lead and 
molybdenum, 15 g. per ton, with aluminum occupying 
first place as the most abundant metallic element at 
88,000 g. per ton. One of the most common occur- 
rences is in bauxite, in amounts ranging from about 0.002 
to 0.01 per cent. Another common occurrence is in 
zinc ores, which have been used for a number of years 
for production of gallium (13). 

A promising source of gallium is the flue dust from 
certain coals, particularly those of Britain. It is stated 
that dusts from producer systems of gasworks in Britain 
contain as much as 1.5 per cent of both gallium and ger- 
manium (14). 
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It has been suggested that the concentration of gal- 
lium in the British coal deposits may have been the 
result of biological accumulators of the element. Stein. 
berg claimed that it is essential to growth of the fungus, 
Aspergillus niger (15), closely related to the mold from 
which penicillin is obtained, as well as Lemna minor, g 
small marsh plant (16). 


RECOVERY 


In the Bayer process for recovery of alumina, the 
gallium dissolves in caustic soda solution along with the 
alumina and accumulates in the cycling solutions of the 
Bayer process to an equilibrium point. It will thus be 
seen that the sodium aluminate solution in every Bayer 
plant constitutes a source of gallium from which it can 
be recovered, but at high cost, because of the small 
amounts present and the amount of processing neces- 
sary. Although the Bayer liquor contains only a very 
low concentration of gallium, it is perhaps the best poten- 
tial source of supply, since the sodium aluminate solu- 
tion in the Bayer plants on this continent totals many 
millions of gallons. 

Most of the dissolved alumina may be separated by 
precipitation from the supersaturated Bayer solution. 
The gallia can then be co-precipitated with the remain- 
ing alumina by neutralization with carbon dioxide to 
obtain a gallia-rich concentrate (17). This concen- 
trate is dissolved in caustic soda and electrolyzed at 
temperatures near the boiling point. The gallium is 
deposited at the cathode as liquid metal, collects in a 
pool at the bottom of the cell, and is withdrawn period- 
ically. The crude metal so produced contains small 
amounts of several impurities—zinc, copper, lead, iron, 
etc.—and can be purified by repeated electrolysis from 
sodium hydroxide solution, by chemical washing with 
acids, or by recrystallization. 

The chemical washing method is satisfactory for re- 
moving most of the impurities from gallium. It con- 
sists of alternate treatments with concentrated nitric 
and hydrochloric acids, washing the first acid out com- 
pletely, before treating with the second (18). Nitric 
acid disperses gallium into very fine droplets, whereas 
hydrochloric acid causes coalescence. 

Hoffman (1/9) at the Bureau of Standards reported a 
purity of 99.999 per cent for gallium purified by frac- 
tional crystallization as the final step. 

Two general methods for recovery of gallium from 
zinc ores may be used: (1) Where a chloridizing roast 
is used for the zinc sulfide concentrates, most of the 
gallium is volatilized and finds its way to the cadmium 
recovery plant where it is recovered, usually along with 
germanium. (2) If a chloridizing roast is not used, the 
gallium remains behind in the retort residue, from which 
it may be recovered by re-solution and electrolysis. 

A method for recovery of gallium from flue dust from 
producer systems of gas works has been described by 
Reynolds (18). It consists of fusion of the ash in 


caustic soda, leaching of the fusion, and precipitation 
of a gallium concentrate, which may be redissolved in 
caustic soda and electrolyzed. 
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While gallium can be recovered by electrolysis of an 
acid solution, the use of sodium hydroxide solution 
appears preferable and is generally used for production 
of gallium. 

Foreign investigators have shown considerable inter- 
est in gallium during recent years. In Russia an inten- 
sive survey of mineral sources was undertaken (20), 
and methods for recovery of gallium from the waste of 
aluminum production have been reported (2/). 


ANALYSIS 


Gallium, along with ferric iron and a number of other 
metals, can be separated from many elements by ex- 
traction from a 6 N hydrochloric acid solution with 
ethyl ether (22). Molybdenum can be separated pre- 
vious to the ether extraction by precipitation with a-ben- 
win-oxime (23). Iron will not be extracted if reduced 
with powdered silver before the ether extraction (24). 
Also, gallium can be separated from ferric iron after the 
ether separation by addition of excess sodium hydroxide 
to the gallium chloride solution left after evaporation 
of ether (22). 

Gallium may be determined fluorimetrically on a 
chloroform extract of a gallium hydroxyquinolate ex- 
tracted from a solution buffered to a pH of 2.6 to 3.0 
(24). More satisfactory, however, is the spectrophoto- 
metric method by which the light absorption of the 
chloroform extract is measured at 393 to 402 my (25). 

Because of the high dollar value of metallic gallium 
analytical methods for the determination of impurities 
should be quite sensitive in order to limit the consump- 
tion of metal used in analysis. 

The spectrographic method has been found to be 
quite satisfactory for this purpose. Approximately 25 
mg. of sample is placed in the crater of a graphite elec- 
trode and volatilized completely in a d-c. arc. Gallium 
lines at 2625, 2632, or 3004 A. are used as internal stand- 
ard lines, the choice depending on the relative inten- 
sity and distance from impurity lines. 


PRODUCTION AND PRICES 


The interesting story of the early discovery and pro- 
duction of gallium in this country has been told by 
Thompson and Harner (/3). In 1915 Mr. F. G. 
McCutcheon observed droplets of metal exuding from 
some of the lead residues of the zinc smelter at Bartles- 
ville, Oklahoma. Analysis showed these droplets to 
be an alloy containing about 94 per cent of gallium and 
6 per cent of indium. He developed a recovery process 
and continued the production of gallium from this 
source as a hobby. 

During recent years, Eagle-Picher Lead Company 
has been a consistent supplier of gallium. 

For a number of years prior to World War II there 
was some production of gallium in Germany from ger- 
manite ore and as a by-product from copper refining. 
During the thirties small amounts were imported into 
this country for experimental purposes. 

During the period 1943-45 Anaconda Copper Mining 
Company, Great Falls, Montana, produced several 
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thousand grams of gallium in connection with indium 
recovery but no production has been reported since 
that time. 

During the thirties Aluminum Company of America 
investigated processes for removal and recovery of 
gallium from the sodium aluminate solution in the 
Bayer alumina plant at East St. Louis, Illinois. How- 
ever, there was insufficient interest in gallium to war- 
rant continuation of the study until about 1946, 
when the investigation was resumed and a practical 
process developed for producing high-purity metal 
from the Bayer process solution. Since that time 
Alcoa has been another source of supply of pure gallium 
metal. 

The quoted price for gallium has held fairly steady 
for the past few years, ranging from about $2.50 per 
gram ($1134 per Ib.) to $5 per gram, depending on quan- 
tity (26). At $2.50 per gram gallium is twice as costly 
as gold. This high cost is due in part to the small 
production, but it is probable that gallium will continue 
to be costly because of the large amount of processing 
necessary. 

“Minerals Yearbook” for 1949 lists at least five 
suppliers of gallium but also says the demand during 
1949 was negligible and only one company reported 
production. 


USES 


Perhaps the oldest application, since it was suggested 
by Boisbaudran himself, is the use of gallium as the 
filler for high-temperature thermometers, because of 
the extended range of temperature within which it 
remains liquid. However, thermometers could not be 
made for high temperatures until quartz capillary tub- 
ing became available, which enables the extension of 
the temperature range from about 700°C. (the limiting 
temperature for mercury-filled thermometers) to about 
1200°C. The first successful high-temperature ther- 
mometer using quartz capillary tubing was made by 
Boyer in the General Electric Laboratories in 1925 
(27). Gallium-filled thermometers have been used 
to some extent abroad, particularly in Germany (28). 
This is probably the most often mentioned commercial 
use. However, it appears doubtful that gallium- 
filled thermometers will find extensive use, because 
temperatures beyond the range of mercury-filled- 
thermometers can usually be measured more accurately, 
more conveniently, and at less cost by other means, 
such as thermocouples. 

Gallium has been suggested as a liquid for manom- 
eters which should be more sensitive than mercury 
manometers by reason of the lower density (6.09 
versus 13.5). Two difficulties are the tendency to 
wet surfaces and the danger of freezing, with conse- 
quent expansion. 

A use for gallium, suggested quite early, is in amal- 
gam-type silver-tin dental alloys to replace mercury, 
since it wets the tooth surface and is nonpoisonous. 
At one time there was some fear of poisoning from den- 
tal restorations using mercury alloys but such danger 
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has been disproved (29). It was hoped that a filling 
might be obtained that would stay bright and not 
darken, which would be a great advantage. To date 
this has not been realized.. A gallium-nickel-silicon 
alloy was reported to show promise for dental fillings 
(26). Gallium is being used quite successfully in gold 
alloys for dental restoration work. These are gold- 
platinum-palladium-indium-gallium alloys in which 
the indium-gallium combination is said to reduce the 
melting point and surface tension, and promotes 
degassing and soundness of casting with less tendency 
to oxidize or tarnish. Both strength and ductility are 
said to be increased without affecting the proportional 
limit or necessary springiness (30). This application 
appears promising as a continuing commercial use for 
gallium. 

Low-melting alloys of gallium have been recom- 
mended for fuses and fusible parts of fire alarm or other 
systems. Many such systems are, however, satis- 
fied adequately by alloys of cheaper and more readily 
available metals. 

The expansion of gallium on freezing has been sug- 
gested as a means for obtaining high pressure at low tem- 
peratures (31). Bismuth or water could also serve. 
This physical characteristic has also suggested the use 
of gallium in type-metal alloys. In addition, the con- 
venient melting temperature recommends its use in 
investment casting of small parts. 

The ability of gallium to wet most surfaces led to the 
suggestion that it be used for mirrors (32). A fairly 
good mirror surface can be produced by simply brush- 
ing gallium onto clean glass, particularly if the gallium 
contains a small amount of zinc. However, more 
uniform deposition can be attained by evaporating at 
low pressures, around 10-4 mm. of mercury (33). 
In this manner films have been prepared having a light 
transmission of 4 per cent and a reflectance of about 
55 per cent. As might be expected, such a film is 
soft and has little resistance to abrasion. A peculiarity 
of these films is that they can be heated for several 
hours at 300°C. with no tendency to flow, although 
the temperature is well above the melting point. 
Such films may be protected by plastic coatings. Very 
little practical use has been reported for the propen- 
sity of gallium to coat surfaces or to form mirrors, 
although it is suspected that promising applications 
may lie in fields involving surface effects, as for example, 
lithography. 

Gallium is said to have found limited use as an ex- 
citant in phosphors for fluorescent lighting and luminous 
paints (34). 

The metal has been investigated as a heat-exchange 
medium for high-temperature applications (26). Its 
high thermal conductivity, low vapor pressure, and 
thermal stability recommended it for uses of this 
nature. During 1947 and 1948 there was much interest 
in a proposal to use liquid gallium as a coolant, or heat 
exchange medium for nuclear energy. However, this 
interest subsided when it was generally realized that 
gallium would continue to be scarce and very costly. 
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There was also the problem of finding suitable metals 
or alloys to resist the corrosive effects at the operating 
temperatures. Tantalum resists attack by gallium 
up to 450°C. and tungsten to 800°C. (6). Gallium 
does not attack certain ceramic materials, notably 
quartz, in which it may be handled to near the melting 
point of quartz, and also in sintered alumina, which it 
does not tend to wet. 

Gallium was early proposed as a constituent of vapor 
lamps because of its rich ultraviolet spectrum (35). 

Gallium alloys emit electrons at relatively low tem- 
peratures, a property which should be useful. Hovw- 
ever, little has been published on potential uses in 
electron tubes. A recent patent (36) involves the use 
in minor amounts in the selenium rectifier. 

Gallium is used instead of mercury as a liquid seal 
in the inlet system of mass spectrometers when analyz- 
ing hydrocarbons of high boiling range. The system 
can be operated at 400°C. with no vaporization of the 
molten metal (37). 

There are few uses for gallium salts, although a 
number of uses have been suggested or investigated on 
an experimental basis. Gallium chloride is claimed to 
be a superior catalyst for the polymerization of vinyl 
ethers (38). Perhaps the most interesting of recent 
developments is the application involving the use of 
the radioactive isotope, Ga’, in the diagnosis and treat- 
ment of bone cancer (39). 
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e A NOTE ON THE KINETIC SALT EFFECTS 


Tue interpretation of the influence of salts on rates 
of reaction in terms of the variation of activity co- 
efficients with ionic strength has reduced to a rational 
pattern what had previously been an unrelated multi- 
tude of observations. For some students at any rate 
the primary and secondary salt effects of Brg¢nsted 
open up the first crack in a very solid, if private, con- 
viction that activity coefficients are “faking factors” 
for which the symbol f seems very appropriate. 

The thermodynamic basis of the primary salt effect, 
however, has been known to raise difficulties in the 
minds of students. It does not seem to be generally 
realized that the sense of the primary salt effect can 
be accounted for in a qualitative way in terms of 
electrostatic influence on molecular encounters. This 
“collisional” interpretation was pointed out to the 
writer some 15 or more years ago by Professor C. N. 
Hinshelwood in conversation; but, although it is 
implicit in the point of view underlying pages 369-70 
of “The Structure of Physical Chemistry,”! I have 
never seen it explicity stated. It seems worth while 
putting in black and white a way of looking at the 
primary salt effect that has proved helpful in teaching. 

The ionic atmosphere around a given ion is of 
opposite charge to the ion itself? and accordingly oper- 
ates to reduce the intensity of the field of force due to 
the ion. Thus the repulsion exerted by a positive ion 


1 HinsHELWoop, C. N., “The Structure of Physical Chemis- 
try,” Clarendon Press, Oxford, 1951. 

2 This is reflected in the derivation of the Debye-Hiickel limit- 
ing equation for the free energy of an electrolyte where the ex- 
pression for the electrical potential contains a term due to the 
“central” ion and one of opposite sign due to its ionic atmosphere. 
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on another positive ion in its vicinity is reduced by 
itsion atmosphere. This mitigation of ordinary electro- 
static repulsions and attractions that is caused by the 
ion atmospheres will clearly grow more marked as 
the ionic strength of the solution increases. It there- 
fore becomes obvious in a qualitative way that en- 
counters between mutually repulsive ions (of like 
charge) will be facilitated by a high ionic strength 
while encounters between mutually attractive ions (of 
unlike charge) will, on the other hand, be hindered by an 
increase of ionic strength. This consideration provides 
a clear if over-simplified physical picture of the primary 
salt effect and a means of predicting its sense. 

To the student whose sense of neatness is offended by 
the reference of two kinds of salt effect and who finds 
their nomenclature a little arbitrary it is also perhaps 
worth pointing out that the secondary salt effect can 
be regarded as a consequence of the primary salt effect. 
Thus, for example, the primary salt effect should slow 
down the rate of recombination of the ions of a weak 
acid when the ionic strength of the solution is increased, 
while the rate of ionization should be little affected; 
it is accordingly evident that added salts must displace 
the ionization equilibrium in the sense leading to a 
typical “secondary” salt effect. This point of view is 
open to the possible criticism that the kinetic picture of 
the ionization of a weak electrolyte is not unambiguous; 
the intervention of the solvent may raise difficulties 
in the identification of the “slow step.” It is, however, 
perhaps permissible to ignore this somewhat sophisti- 
cated difficulty in a first presentation of the kinetic 
salt effects. 
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One of the casualties of the German collapse after 
World War II was the Deutsche Chemische Gesell- 
schaft, which has still not been revived. Also lost 
was its Berichte, which in 1945 ceased publication 
with Volume 77. The gap left by the disappearance 
of this important periodical was too great to be toler- 
ated for long. Consequently, 1947 saw the birth of 
Chemische Berichte issued under private auspices. 
Its direct succession to the defunct Berichte is indi- 
cated by the fact that its first volume was designated as 
“Jahrgang 80.”! The editor chosen for the new, 
yet old, journal was Clemens Schdépf. 

Born on August 12, 1899, at Gersfeld in the Rhén 
Mountains, he attended the Humanistic Gymnasium 
in Fulda and then (1917) began his chemical training at 
the Technische Hochschule in Munich. After a 
short interruption, due to military service, he finished 
the course and was awarded the degree Diplomingen- 
ieur “with distinction.” In 1921 he followed his 
teacher H. Wieland? to the University of Freiburg, 
where he served as assistant and worked on his doctoral 
dissertation. The latter, which dealt with Lobelia 
alkaloids, was accepted by the Technische Hochschule 
in Munich and the Dr. Ing. was conferred in 1923. 
Dr. Schépf then served as assistant, first at Freiburg 
and from 1925 at the University of Munich where 
he habilitated as Privatdozent in 1927. 

Shortly before his 30th birthday he was called to the 
Technische Hochschule at Darmstadt as Professor of 
Organic Chemistry and Director of the Institut fir 
organische Chemie. He has been at Darmstadt ever 
since, although flattering offers have come from indus- 
try, and other schools (Frankfurt am Main, Karlsruhe, 
Rostock, Wiirzburg, Cologne, Géttingen—as successor 
to Windaus—Berlin) have inquired whether he 
would be open to negotiations. In 1950 a definite 
call came from the University of Munich, but although 
it was a high honor to be considered worthy of succeed- 
ing Liebig, von Baeyer, Willstatter, and Wieland the 
chair was declined because no guarantee could be given 
that the laboratory, which was completely destroyed 
during the war, will be rebuilt within a reasonable 
time. At present, new laboratories for organic chem- 
istry are being built under Professor Schépf’s super- 
vision at Darmstadt. 

His research output has been extensive and important. 
His first independent studies dealt with the morphine 
alkaloids. Among other results, he proved definitely 
1 Volumes 78 and 79, which normally would have been issued 


during the interim, were never published. 
2 Oesper, R. E., J. Cuem. Epuc., 14, 344 (1937). 
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that the Robinson formula for morphine is preferable 
to the Knorr-Wieland structure. He also elucidated 
the hydrogenation of thebaine and set up plausible 
theories of the rearrangement reactions it undergoes 
when subjected to the action of acids. Finally, he 
developed an elegant method for again closing the 
ring of phenols of the morphine series. 

Other studies dealt with the constitution of usnic 
acid and other lichen substances, and also with the 
structure of various alkaloids, among them saman- 
darine, an animal alkaloid obtained from the venom 
glands of the European and Alpine salamander. 

Another of Schépf’s fertile ideas was to study a 
new group of coloring matters, namely those respon- 
sible for the yellow, red, and white coloration of certain 
butterflies (Pieridae) and also, for instance, the yellow 
color of the European wasps. Together with H. 
Wieland he isolated the white leucopterin, the yellow 
xanthopterin, and, with E. Becker, the red erythro- 
pterin, whose constitutions were finally determined 
by Purrmann. These studies were a significant pre- 
liminary step in clearing up the structure of folic acid. 

By his so-called “syntheses under physiological 
conditions,” Schépf gave organic chemistry a new 
field of study. Numerous investigations showed that 
starting with cell-potential organic materials such 
as aldehydes, amino-aldehydes, 8-oxo acids, biogenic 
amines, etc., under mildest conditions in aqueous 
solution, at room temperature and in a pH range 
of approximately 4 to 9, it is possible to accomplish 
smooth syntheses of natural materials or of compounds 
such as tropinone, which may be regarded as prelimi- 
nary stages of naturally occuring alkaloids. Examples 
of such syntheses are the production of naturally 
occurring derivatives of quinoline and isoquinoline, 
of lobelanine, desoxyvasicine, tropinone, teloidinone, 
pseudopelletierine, rutaecarpine, tetrahydroanabasine, 
and isopelletierine. These procedures frequently 
require the preparation of previously unknown, very 
reactive starting materials, whose general chemical 
reactions are likewise of interest. For instance, 
transformations of 2,3,4,5-tetrahydropyridine (A-piperi- 
dine) led among other things to the synthesis of 
anabasine, ammodendrine, and matridine, the oxygen- 
free parent substance of matrine. 

It is of particular interest to note that several of 
these syntheses under physiological conditions pro- 
ceed smoothly only in a narrow pH range around the 
neutral point, and either do not go at all in strong acid 
or alkaline solution or take another direction. There 


can be little doubt that syntheses of this type—to 
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quote Sir Robert Robinson—‘“have something to do” 
with the chemical processes which lead to alkaloids 
in the plant. 

Professor Schépf holds the “Emil Fischer Memorial 
Medal” of the Verein Deutscher Chemiker. Since 
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1942 he has been a member of the German Academy 
of Scientists in Halle, and corresponding member of 
the Heidelberg and Bavarian Academies. As noted 
before, he has been Editor of Chemische Berichte since 
its inception. 


a“ THE USE OF COLLEGE CHEMISTRY TEXTS, 1951-52 


WuiLE a complete survey of chemistry textbooks 
currently in use in all colleges and universities is 
possible, last-minute changes in adoptions, changes 
in teaching staff, changes in course content, and un- 
intentional failure to submit requested information 
all contribute to making such an absolute survey 
quite impractical. 

In an effort to ascertain the tentative adoptions in 
the basic undergraduate courses in college chemistry, 
staff members of approximately 40 schools were person- 
ally interviewed, while another 80 were questioned 
by mail. No attempt was made to select schools 
by geographical location, total student enrollment, or 
size of the respective chemistry department staffs. 
This survey included certain of our larger and better 
known chemistry departments as well as some which 
are not so prominent. Information obtained from nine 
Canadian schools is included in the study. 

Although it is quite possible that results obtained 
from a sampling of 200-300 schools would show 
considerable differences from those obtained in this 
study, it is believed that the summary of these data 
exhibits trends of interest to the average chemistry 
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teacher. (Staff members of chemistry departments not 
included in this study have shown a high degree of 
accord with the summary when given an opportunity 
to review it.) 

The table contains a summary of data obtained in 
this study. Although reports were obtained from 122 
schools, information for certain courses was incomplete, 
and certain of the smaller schools do not offer physical 
chemistry. These facts account for the variation in 
number of schools reporting data for each of the courses. 

Attention is called to the trend toward semimicro 
techniques in the general and elementary organic 
courses, while the qualitative analytical course is 
showing virtually complete conversion. (In this re- 
spect it was of interest to note that one school has 
recently reverted from semimicro to macro techniques 
in the qualitative analysis course offered.) 

It is also interesting to note that certain of the more 
popular texts in general chemistry have been recently 
published. In the analytical and physical chemistry 
fields the more popular texts are those which have 
been available for several years, but have been brought 
up to date by periodic revisions. 


General Qualitative Quantitative Elementary Elementary 
chemistry analysis analysis organic physical 
Total schools 104 122 101 104 91 
Total different texts 34 28 19 24 17 
Most frequent text Pauling Hogness & Johnson Pierce & Haenisch Brewster Daniels 
% Cases 17/104, 16% 28/122, 23% 41/101, 41% 23/104, 22% 43/91, 47% 
2nd most frequent text Mack, et al. Curtman Willard & Furman Wertheim Glasstone 
% Cases 11/104, 11% 18/122, 15% 20/101, 20% 22/104, 21% 11/91, 12% 
3rd most frequent text King & Caldwell Evans, Garrett, Kolthoff & Sandell Fieser & Fieser Prutton & Maron 
Sisler, et al. Sisler 
% Cases 10/104, 10% 9/122, 7% 9/101, 4% 16/104, 15% 11/91, 12% 
Author on school staff 12/104, 12% 19/122, 15% 15/101, 15% 7/104, 7% 4/91, 4% 


NUMERICAL ASPECTS OF ANALYSIS 

Numerical relations are fundamental in analytical 
chemistry as well as in science in general. Each ana- 
lytical problem may theoretically be considered as solved 
if the mathematical function is known which relates 
the mass of the substance in question to the magnitude 
of an appropriate physical or chemical property. 
Useful properties are, for example: in gravimetry, 
the weight; in titrimetry, the volume; in densimetry, 
the specific gravity; in spectroscopy, spectropho- 
tometry, and radioactivity, the emission or the absorp- 
tion of radiations; and so on for the other methods of 
analysis. 

The mathematical function may be expressed 
graphically, as is done in Figure 1, as a system of 


ot 


Amount of 
Constituent 


Figure 1 


rectangular coordinates, plotting as ordinate an 
appropriate function of what may be called ‘‘magnitude 
of response” and as abscissa a function of the amount 
of constituent. In spectroscopy a curve of this shape 
is obtained, having for ordinate the “density” of a 
given spectral line and for abscissa a function, namely 
the logarithm, of the amount of constituent concerned. 
In spectrophotometry the transmittancy or the absorb- 
ancy of a solution is related directly to the amount of 
constituent. In this case there is a straight line, 
when Beer’s law holds, followed by a curve when the 
concentration of the solution increases. In many 
other cases the relation is a linear one throughout. 
This occurs in gravimetric and volumetric analysis, 
where the amount of constituent is directly propor- 
tional to the weight of precipitate or to the volume of 
standard solution. 

In trace analysis the amount of constituent is fre- 


LOGARITHMIC DIAGRAMS IN TRACE ANALYSIS 
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quently expressed in parts per million by weight. In 
other cases, especially solutions, the amount of constit- 
uent is given in weight of constituent per unit volume— 
what the chemist calls the concentration. Now it is 
pertinent that, for dilute aqueous solutions, the figures 
expressing concentration and parts by weight are the 
same, because 1 ml. of solution weighs practically 1 g, 
The numerical expression of the amount of constituent 
may be given by a ratio in the form of a/b, a being the 
weight of constituent to be estimated and b the weight 
of the corresponding volume of solvent. 


COLOGARITHMIC FUNCTIONS 


A mixture to be analyzed includes the following 
substances: (1) constituent A, the amount of which 
is a; (2) solvent B, the amount of which is b; (3) 
extraneous substances, called altogether C, the amount 
of which is c. Corresponding to the definition of 


the hydrogen-ion exponent pH = —log Cy+ we may 
use the functions : 
pA = —loga pB = —logb pC = —loge 


in order to give a spacial representation of all possible 
mixtures of the three substances A, B, and C. If 
pA, pB, and pC are placed on the three axes of a system 
of rectangular coordinates, each point of this system 
(Figure 2) will correspond to a given mixture, the origin 


3 


Figure 2 


of the system being a mixture containing A, B, and C 
in unit amounts. 


DIAGRAM pA:pC AT CONSTANT pB 


If all possible mixtures of A and C are considered in 
the presence of a constant quantity b of solvent B, 
a section through the spacial figure, where pB = —log 
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b = constant, is obtained. If b is equal to unity, pB 
will become zero and Figure 3 is obtained representing 
all possible mixtures of A and C dissolved in one unit 
of solvent B. Each point may be considered to lie 
on a line parallel to the first bisectrix, whose distance 
to this line is a function of the ratio c/a. (Log c/a = 
pA — pC.) Each point may also be considered to lie 
on a curve which is the geometric locus of mixtures 
having a constant sum a + c. Such curves are desig- 
nated in Figure 3 by a + c = 10~', 10~*, 10~*, and so 
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on. The diagram enables us to find the ratio c/a, as 
well as the ratio a/(a + c). Furthermore, if the 
quantity b of solvent B is exactly known and constant, 
the ratio a/b is given immediately by the difference 
between the coordinates pA and pB, thus 


pA — pB = —loga/b 


Diagrams of this kind are of interest in physical and 
analytical chemistry if one wishes to correlate definite 
properties such as solubility, conductibility, potential, 
etc., with the exact composition of mixtures of two 
components A and C, dissolved in a given quantity 
of solvent B. They are of real significance where 
dilute solutions or trace analyses are concerned, 
including mixtures in which both components A and C 
are mixed in nearly equal amounts, as well as mixtures 
with vanishing amounts of one component. They 
give not only the relative amounts of each constituent 
but also the percentage and the concrete amounts in 
each mixture. With a supplementary axis used to 
take account of a given physical or chemical property 
of the mixtures, they are far superior, for dilute solutions 
or trace analysis, to the classical diagrams relating per- 
centage to a given physico-chemical property. 


DIAGRAM pA:pB AT CONSTANT pC 


The situation is similar for mixtures of constituent 
A with variable amounts of solvent B in the presence 
of a constant amount of substance C (Figure 4). Each 
point of this diagram, pA:pB at constant pC, lies on 
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Figure 4 


a line parallel with the first bisectrix, which is the 
geometrical locus of all points corresponding to the 
relation: 


pA — pB = —loga/b = constant 


The distance of this line to the first bisectrix is a func- 
tion of the ratio a/b. If pA — pB is positive this line 
is situated above the first bisectrix and the ratio a/b 
will be smaller than one. This means that the amount 
a of constituent to be detected or estimated in the 
mixture is lower than the amount b in which it is 
dissolved. This will always be thé case in analytical 
chemistry and a fortiori in trace analysis, where dilute 
solutions of constituent A will have positive values for 
the difference pA — pB for a given point situated above 
the first bisectrix. 

Suppose that a definite analytical test on an amount 
b of solution containing an amount a of constituent 
to be detected is being used, and that the limit between 
positive and negative reaction is just being reached, 
the test being barely positive. To the concrete 
amounts a and b effectively used correspond the co- 
logarithms pA and pB, giving a definite point in the 
diagram. Suppose that pA = 6 and pB = 2, as is 
the case in Figure 4. We see that this point lies on a 
line given by pA — pB = 4, which is the locus of all 
points corresponding to the ratio a/b = 10-*. This 
ratio forms the limit of sensitivity of the test since, 
with further dilution, the test should become negative. 
All the solutions situated above the line pA — pB = 4 
should thus give a negative test and all the solutions 
situated under this line should give a positive test. 
This line may be called the sensitivity line of the test 
in question. 

Two points on this line are especially significant. 
The first may be called the limit of concentration, 
corresponding to the coordinates pA = 4 and pB = 0; 
the second may be called the limit of dilution, corre- 
sponding to the coordinates pA = 0 and pB = — 4. 
The limit of concentration gives the amount a of 
constituent detectable in one unit of solvent (b = 1). 
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The limit of dilution represents the amount of solvent 
b in which one unit of constituent a may be detected. 
They have reciprocal values, as given by the identity 


a/b = 1:b/a 
This expression is nothing else than the well-known 
relation introduced by Feig] in 1923: 


_ Vol. of sol. (in ml.) X 10° 
‘Identification limit (in yg.) 


Identification limit (in wg.) _ 
Vol. of sol. (in ml.) X 106 


The same could have been said for another line, 
numbered II in Figure 4 and given by pA — pB = 2.5, 
expressing graphically the sensitivity limit of another 
analytical test. Here also three points are of interest. 
The first (pA = 4.5, pB = 2) gives the real identifi- 
cation limit, a =10~-*-5, and the exact volume, b = 
10-*, effectively used in the test. The second (pA = 
2.5, pB = 0) gives the calculated identification limit, 
a = 10-*5, assuming that a unit amount of solvent 
is being used. This point is the concentration limit. 
The third (pA = 0, pB = —2.5) gives the calculated 
amount of solvent, b = 107°, in which one unit of 
constituent can just be detected. This point is the 
dilution limit of the test in question. The line passing 
through these points is the sensitivity line of the test, 
expressing the identification limits of the given test. 

It is clear that the positive numbers 4.0 for line I 
and 2.5 for line II are sufficient for the localization 
of the sensitivity lines of the two tests considered and 
that, generally speaking, a positive number, let us say 
+n, is sufficient to express the sensitivity of a given 
test.1_ Thus, 


pA — pB = —loga/b = +n 
SENSITIVITY DIAGRAM pA:pC AT CONSTANT pB 
In a lecture given in Paris in 1945 before the Société 
Chimique de France, I explained how it is possible, by 


means of a bilogarithmic diagram, to describe quanti- 
tatively the influence of interfering substances on a given 


Figure 5 


analytical test. I called the figures thus obtained 
“sensitivity diagrams,’’ and in the first International 


1 For this definition of the sensitivity, see: Gituis, J., Mikro- 
chemie ver. Mikrochim. Acta, 36-7, 151-90 (1951); <ibid., 38, 
50-8 (1951). Matissa, H., ibid., 35, 266 (1950); Anal. Chim. 
Acta, 4, 1 (1950). 
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Congress of Microchemistry, held in Graz in 1950, 
I described in detail the construction and practical 
use of these diagrams.? They are nothing else than 
pA:pC diagrams, referring commonly to one unit of 
solvent (pB = 0). 

Consider, for example, the reaction of calcium with 
loretine in the presence of magnesium, which is a useful 
test for detecting Ca++ in the presence of large quan- 
tities of MgSO,, the two other alkaline-earth cations 
being absent. The conditions are shown in Figure 5. 
The Second Report of the International Committee on 
New Reactions gives a sensitivity of pA — pB = 5, 
but, although the Mg++ cation does not interfere, it 
noticeably reduces the sensitivity, namely to 4.3 for 
a ratio of Mg:Ca = 10, and to 3.7 for a ratio of 100. 
In a saturated solution of MgSO, the sensitivity of 
this test for Ca++ would be much lower. 

Another example involves the influence of NaCl 
on two classical tests for calcium, the first with 
(NH,4)2C.0,4, the second with Na,CO;. Figure 6 shows 
clearly how the sensitivity of the first is lowered and 
how the sensitivity of the second remains practically 
constant. At pC = 2, where the solution contains 
1 per cent NaCl, the two reactions have the same 
sensitivity. It would be better, for the detection of 
Ca++ in concentrated solutions of NaCl, to use the 
CaCO; test instead of the classical CaC.O, test. This 
conclusion is of importance in the control of the purity 
of commercial grades of NaCl. This example shows 
how sensitivity diagrams can be useful in comparing 
different tests for the same element in the presence of 
increasing amounts of attendant material, even in 
saturated solution, and in detecting a particular 
‘Smpurity” in a concentrated solution of a given 
commercial substance. 

The sensitivity of a test may be unaffected by the 
presence of an attendant substance. In this ease the 
sensitivity line remains horizontal, as for CaCO; 
and NaCl, and the test is reliable. The sensitivity 


2 GIs, J., op. cit. 
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line may curve downward, as for CaC,O, and NaCl, or 
(Ca-loretinate and MgSO,. In these cases, which are 
numerous, the test becomes invalid. In some cases the 
sensitivity line may curve upward; then the test 
becomes more sensitive. This occurs in the detection 
of Mg++ by titan-yellow in the presence of Ca**, 
and in the detection of Al+++ by alizarin-3-sulfonate 
in the presence of Cat**. 

Another advantage of the sensitivity diagram 
pA:pC at constant pB is that it gives the limiting 
concentrations of the interfering substance from the 
point at which loss or increase of sensitivity occurs 
to the point at which saturation of the solution is 
reached. These limiting concentrations are given by 
the differences pA — pC = log c/a, or by the distances 
between the points considered and the first bisectrix. 

In his microchemical researches, published in 1907, 
N. Schoorl introduced the concept of limiting con- 
centration or what he called “Grenzverhaltnis.”’ It 
is possible to prove, by repeating some of his micro- 
scopical procedures, that the limiting concentration 
given by Schoorl corresponds to the ratio c/a at the 
point where the sensitivity line begins to curve. This 


ratio may be called the limiting concentration at con- © 


stant sensitivity. In the same manner the last point 
of the curve, corresponding generally with the satu- 
ration of the interfering substance, can be considered 
and it is possible to speak of the limiting concentration 
c/a in saturated solution. This value is of interest in 
the detection of an “‘impurity”’ in the strongest possible 
solution of a commercial substance. 

Asensitivity diagram gives in this manner a complete 
insight into the quantitative aspects of a given test in 
the presence of an attendant substance. Knowing 
pA, pB, and pC, one knows: the identification limit, 
pA; the sensitivity, pA — pB; and the limiting con- 
centrations, pA — pC, corresponding to the different 
concentrations, pC — pB, of attendant substance. 


THE SPACIAL FIGURE pA:—pB:pC 


Figure 7 is a three-dimensional diagram, pA: —pB:pC, 
correlating the previous diagrams pA:pC at constant 
pB and pA:pB at constant pC. 

On the front of the spatial figure it is easy to observe a 
sensitivity diagram pA:pC at zeropB. The sensitivity 
line can be followed from the right to the left, first as 
a horizontal line, finally curving downward and ending 
in a point where the solvent B is saturated with the 
attendant substance, C. This sensitivity line, corre- 
sponding to a unit amount of solvent, gives the variation 
in sensitivity of a given test as a function of the con- 
centration of the attendant substance. The line in 
question expresses the concentration limit of the test. 

The heavy line at the bottom of the spatial figure 
represents the dilution limit of the same test under the 
same conditions. Itliesin a plane —pB, pC at zero pA, 


giving all the mixtures of solvent B and attendant 
substance C in which one unit of substance A is dis- 
solved. The lines connecting points of the concentra- 
tion limit to the corresponding points of the dilution 
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limit represent the sensitivity lines described earlier in 
connection with the expression of the sensitivity 
defined by Feigl. 


The merit of this spatial figure is that it gives a com- 
plete correlation between the different diagrams 
hitherto discussed. 


SEMIQUANTITATIVE ANALYSIS 


It is possible to determine the amount of constituent 
present in a mixture by diluting it in known pro- 
portions until a definite analytical test becomes nega- 
tive. It is easy to understand the principle of this 
method of semiquantitative analysis by means of the 
sensitivity diagram of the given test. An application 
of this is represented in Figure 8. 
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2 ty’ P 
5 
a+c 
4 x +C 
3 / 
2 3 4 5 6 7 8 
Figure 8 


Suppose the amount of copper in a mixture is to 
be estimated. Dissolve 0.1 g. of sample in 1000 ml. 
of an appropriate aqueous solvent. Mixtures having 
all possible percentages of copper are to be found on 
the line a + c = 10~‘*, the most concentrated on 
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the right-hand side, the most dilute on the left and 
above. The test for copper with cuproine has a con- 
stant sensitivity pA — pB = 6. At zero pB, pA = 6 
and the sensitivity line is given by SP. By adding 
water to the initial solution the ratio a/c is unchanged, 
but the ratio a/b becomes smaller and smaller; this 
means that, by dilution, the point representing the 
unknown moves along a line parallel with the first 
bisectrix until the sensitivity line SP is reached. 
There the test, which was initially positive, will become 
negative on further dilution. The rate of dilution, 
given by the distances 22, 22Z2, X23, etc., must be 
related to the percentage of copper in the different 
possible mixtures. The sensitivity diagram expresses 
this relation exactly. 

Professor Wenger of Geneva ‘devised a procedure 
for an analogous estimation of copper in a mixture by 
means of other reliable tests for copper, and he gives 
the percentages in a table relating dilution and per- 
centage. He used, in principle, the same method for 
the rapid estimation of chromium and of nickel in 
chromium-nickel alloys. 

Independently, we devised a method for the semi- 
quantitative estimation of Cr, Ni, Mn, Mo, V, and 
Ti in 18.8 Cr-Ni steel, because of its weldability. One 
drop of aqua regia put on the surface of the metal is 
taken off after the reaction stops and diluted in known 
proportions until the appropriate test becomes negative. 
We used standard curves constructed by applying 
the procedure on standard steels of known composition. 
This method rests, however, on the same principle as 
that of the first sample. 

Semiquantitative analyses using this principle have 
the great advantage that they can be carried out with 
simple apparatus (drop plates, pipets, and a few 
reagents), and that they permit a very rapid determi- 


- Engineers and by Herbert Clark Hoover. 
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nation of the amount of constituent, even in trace 
analysis or in very dilute solutions. It is important 
to note that the lowest percentages of constituent are 
situated on the upward portion of the line a + ¢ = 
constant, and that the whole area in which the analysis 
is possible is limited by the line a + ¢ = constant 
and the sensitivity line PS. Thus, trace analysis 
will be successful if a large sample (line “a + ¢ = 
constant’’ as low as possible) can be taken or if a very 
sensitive test (line PS as high as possible) can be used, 


LIMITS OF TRACE ANALYSIS METHODS 


Let us now consider the amounts of sample on the 
one hand and the sensitivity of detecting devices 
on the other. 

Dry assaying may be considered as the oldest method 
of trace analysis. At the beginning of the sixteenth 
century the art of assaying, so far as it concerned 
gold and silver, was shown in three books to be well 
developed. They are: ‘“Probierbiichlein’” (anony- 
mous), ‘‘De Re Metallica” by Agricola, and ‘Pyro- 
technia” by Biringuccio, published, in English trans- 
lation, by the Institute of Mining and Metallurgical 
The foun- 
dations of analytical chemistry are contained in these 
books. 

At that time the assayer used three small balances: 
the first to weigh lead and fluxes; the second, more 
delicate, to weigh the ore or the metal which was to 
be assayed; the third, most delicate, to weigh the 
beads of gold or silver. The weight of sample 
amounted then to hundreds of grams and the smallest 
bead that could be weighed was no smaller than one 
milligram, the sensitivity of the finest balance of 
that time. In Figure 9 these conditions can be located 
along the line a + c¢ = 10%, ending in an arrow at 
pA = 3. 

Dry gold and silver assaying, even in its early state, 
permitted the determination of parts per million. 
During the nineteenth century the methods used were 
still practically the same in principle, but, since the 
sensitivity of the balance had been increased to 10 
or even 1 yg., the area of possible utilization by dry 
assaying could be enlarged, the arrow being moved 
toa pA of 6. 

Meanwhile wet methods of analysis were introduced, 
and in the eighteenth century men like Kunckel, 
Homberg, and Black in their own analytical problems 
worked with samples of about 10 g., hence along the 
curve, a + c = 10. Berzelius, at the beginning of 
the nineteenth century, in his work on atomic weight 
determinations, used samples of one or two grams, 
and balances with a sensitivity approaching that of 
the modern analytical balances, 7.e., of approximately 
100 wg. About the middle of the century the ana- 


lytical school of Fresenius, in Wiesbaden, worked with 
samples of 100 mg., developing the classical methods 
of macroanalysis. 

For assaying purposes, at the beginning of the 
twentieth century, assay-balances with a sensitivity 
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of 10 ug. were brought into use, but they were generally 
not used in the classical macroanalyses—not even by 
Richards in the determination of atomic weights. 
The reason for this is clear, because in the great major- 
ity of cases the analytical range of constituent re- 
mained between 0.01 and 100 per cent, the analysis 
in parts per million being a special problem, apart 
from assaying. 

The same is observed in the further development 
of the semimicro, micro, and ultramicro methods of 
recent years. The analytical range between 0.01 and 
100 per cent remains the same, the weight of sample 
becoming less and‘less as new balances are brought 
into use. Among these are: the model of Kuhlmann 
used by Pregl in Graz; the cantilever balance used at 
the beginning of this century in the determination of 
the atomic weight of radon and radium, and now in use 
in the model of Salvioni and others, permitting weigh- 
ings Of 0.01 yg.; and finally the microgram-torsicn- 
balance, like that of Kirk, Craig, and Gullberg, ca- 
pable of detecting some thousandths of a microgram. 

It will be seen that a logarithmic diagram, pA:pC, 
enables the historical evolution of analytical methods 
to be followed, as far as the amount of sample is con- 
cerned. It also represents the analytical range of 
the percentage of constituent which can be determined 
by a particular method, this range being given by 
the area between the sample line, a + c, and, for 
gravimetric procedures, the line on the level of pA 
corresponding to the sensitivity of the balance. 

In trace analysis the sensitivity line must be situated 
as far as possible from the sample line. To detect 
and to estimate parts per million it is necessary to use 
the most sensitive tests. One of the most sensitive 
gold tests, the catalysis of the reduction of silver salts 
by ferrous ions, is claimed by Krumholz and Watzek 
to allow a detection of 10 parts of gold per billion, 
corresponding to a sensitivity line of pA = 11. This 
extraordinarily sensitive chemical test locates approx- 
imately the highest limit of the sensitivity of ana- 
lytical tests carried out by wet methods with ordinary 
equipment. Very recently? Hahn pointed out that 
the first step of the reaction described by Krumholz 
and Watzek consists, at highest dilution (10~"), 
of an interaction of dissolved gold salt and suspended 
particles, forming thus the gold nuclei. He proved that 
with purified reagents the pA changes from 11 to 8. 

To detect and evaluate parts per million one has 
at one’s disposal such methods as those shown in Figure 
10: spot tests, colorimetry (at a pA of 7 for deter- 
mination of Pd in a 1-g. sample), fluorescence, spec- 
trography (reaching to millimicrograms, at a pA of 9, to 
be estimated in one drop of solution), nephelometry 
(at a pA of 10, the limit of detectability of lead as 
chromate), catalysis (at a pA of 11 as claimed for the 
most sensitive test of gold by wet methods). 

Analysis in parts per billion can be done with equip- 
ment such as that used for the detection of radioactiv- 


3 Mikrochemie ver. Mikrochim. Acta, 38, 136 (1951). 
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ity. Astonishingly small amounts of radioactive 
elements, e.g., I'*!, mixed with one milligram of or- 
dinary iodines, can be followed in the human body and 
in the thyroid gland. Since one millicurie of ['* 
weighs 8 X 10~ mg. and the ten-thousandth part of 
it can easily be detected by means of a Geiger counter, it 
is easy to estimate the presence of 10~ mg. of this 
radioactive iodine or 10-" g., corresponding to a 
pA of 12. This trivial example is far from a limiting 
one. The conditions for the detection of short- 
lived isotopes are more favorable, and in some cases 
levels at a pA of 18 can be reached. It is clear that 
the analytical chemist engaged in trace analysis should 
take advantage of this wonderful tool that must no 
longer be missing from his werkshop. 

E. B. Sandell, in his well-known book “Colori- 
metric Determination of Traces of Metals,” gives a 
diagram showing the classification of constituents 
on the basis of concentration in the sample, the useful 
ranges of various quantitative techniques, and the 
sensitivity of methods for the determination of minute 
traces of elements. In this diagram Sandell uses only 
one axis of coordinates, namely the axis —pA = log 
a/b. Compared with the diagram pA:pC at zero pB, 
it is evident that he misses the possibility of taking into 
account the concrete amounts of sample, the effective 
concentration of the solution used in the analysis, the 
ratio between amount of constituent and attendant 
substances, and, last but not least, the area between 
the amount of sample and the sensitivity. This last 
as we have seen, is of essential significance in the 
classification of macro-, micro-, and ultramicroanal- 
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ysis and also in trace analysis concerned with parts 
per million or parts per billion. Figure 10 indicates, 
furthermore, the limits of concentration within which 
a given method may be used, as, for example, in color- 
imetry, where Beer’s law usually holds only between a 
minimum and a maximum value. 

In addition to the methods just described, trace 
analysis can make use of appropriate methods of 
separation for the isolation of trace elements, such 
as the formation of two phases, involving precipitation, 
extraction, volatilization, adsorption, ion exchange, 
chromatography, etc. By means of a logarithmic 
diagram it is also possible to represent what happens 
between the amount of sample and a detectable amount 
of constituent. 


SELECTIVITY AND SPECIFICITY 


Sensitivity diagrams are useful for collecting data 
on old and new analytical tests in order to compare 
their selectivity or their specificity. Selectivity is 
the ability of a reagent to react with only a small 
group of substances; a specific test gives a unique 
reaction with one particular substance. In general, 
really specific analytical tests are not numerous. 

The specificity or selectivity of a given test reveals 
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itself if sensitivity diagrams are constructed for an 
element A, for example, in the presence of the other 
elements of its periodic group, considered as inter- 
fering elements and designated by C. The sensitivity 
diagrams can be constructed easily by groups of stu- 
dents and can then be used to compare the qualities 
of definite analytical tests. 


CONCLUSION 


It is possible by means of the ordinary binary 
and ternary percentage diagrams, as they are ordinarily 
used in physical chemistry, to represent graphically 
the influence of interfering substances on the identifi- 
cation limit of a given test, if the amount of the attend- 
ant substance is of the order of 0.1 to 100 per cent. 
As soon as parts per million are to be considered, 
however, the ordinary diagrams must be replaced by 
bilogarithmic diagrams, such as those discussed in 
this paper. 

The cologarithmic diagrams become sensitivity 
diagrams if they are used to represent quantitatively 
the influence of interfering substances on a given 
analytical test. They are very useful in describing 
the different qualities of given analytical tests, and 
are convenient for teaching purposes. 


DIAMINES 


In rue determination of the structure of the isomeric 
disubstituted benzenes, the work of Kérner on the 
dibromobenzenes and Griess on the phenylene diamines 
are frequently cited. Wheland (/) has a rather com- 
plete discussion of Kérner’s work. Essentially, Korner 
nitrated the dibromobenzenes and inferred the struc- 
tures from the number of isomers obtained in each ease. 
It is generally believed that Griess prepared the 
three phenylene diamines melting at 63°, 99°,! and 
140°C. by isolating the six isomeric diaminobenzoic 


1 The modern accepted value is 102°. 
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acids and decarboxylating them. As shown in Figure 
1, such a procedure would lead to the correct structures. 
The diamine derived from three such acids would have 
to be the meta isomer. On the other hand, only two 
of the acids would yield the ortho diamine. Finally, 
only one diaminobenzoic acid could possibly yield the 
para isomer. 


An assignment in our class in chemical literature 
led to the discovery that Griess had not actually iso- 
lated and decarboxylated the six diaminobenzoic acids. 
Rather he had used both the dinitro and diaminobenzoic 
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acids. In the course of nitrating o-nitrobenzoic acid, 
he isolated, among other things, two dinitrobenzoic 
acids (2). One of the acids was a new compound. 
When he reduced these with tin and hydrochloric acid, 
both acids were decarboxylated as well as reduced. 
The same phenylene diamine was produced in both 
cases and it melted at 63°C. Since this diamine had 
already been prepared from a third dinitrobenzoic 
acid (3, 4, 5), it was clearly m-phenylenediamine. 

With the problem of the meta isomer solved, the 
previous work of Griess with diaminobenzoic acids 
(6) served to establish the structure of the other two 
diamines. The phenylene diamine melting at 99°C. 
had to be o-phenylene diamine because he had prepared 
it by decarboxylating two different diaminobenzoic 
acids. The third isomer, melting at 140°C., had to 
be the para compound and he had prepared it from a 
single diaminobenzoic acid. 

We did not attempt to determine precisely how this 
minor misconception concerning Griess’s work first 
crept into chemistry texts. However, a cursory exam- 
ination of some of the older texts which happened to be 
available to us revealed some things of interest. In 
the second edition of his text (1880), von Richter wrote 
that “researches on the six isomeric dinitro or diamino 
benzoic acids” led to the structures of the phenylene 
diamines’ (7). Later editions of his book make no 
mention of the dinitrobenzoic acids. As early as 1893 
Bernthsen’s text was reporting Griess as having de- 
carboxylated six diaminobenzoic acids (8). In any 
case that is the version generally reported in our modern 
texts (9, 10). 

The three dinitrobenzoic acids related to m-phenylene 
diamine (m. p. 63°C.) are of some interest. The oldest 
of the three acids was first prepared by Cahours (3) 
in 1847. It melted at 202°C. Voit (4), and later 
Gerdeman (11), reduced this to a diaminobenzoic acid. 
In his studies on the decarboxylation of the diamino- 
benzoic acids, Griess (12) reported that this acid did 
not yield a phenylene diamine when subjected to a 
dry distillation. This was in marked contrast to the 
other diaminobenzoic acids he had been studying at the 
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time. It remained for Wurster and Ambuhl (4) to 
show that the barium salt of this acid yielded a phenyl- 
ene diamine (m. p. 63°C.) on heating. 

The new dinitrobenzoic acid isolated by Griess (2) 
when he nitrated o-nitrobenzoic acid also melted at 
202°C. It is reasonable to suspect that he first be- 
lieved this to be Cahours’ acid. However, if this 
belief ever existed, it was quickly dispelled when he 
found that the acid’s behavior towards reducing agents 
differed markedly from Cahours’ compound. The 
new acid yielded the phenylene diamine melting at 
63°C. directly, decarboxylation taking place during 
the reduction. 

The third dinitrobenzoic acid, melting at 179°C., 
was also found by Griess in his nitration mixture. It 
had first been discovered by Tiemann and Judson (13) 
a few years earlier when they oxidized dinitrotoluene. 
When Griess reduced this acid, it also was decarboxy- 
lated and gave the phenylene diamine melting at 63°C. 
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Figure 2 


These reactions with the appropriate formulas are 
summarized in Figure 2. 
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Tue attendance at meetings of professional organi- 
zations worries me quite a lot and I had to conclude 
that large or small groups, local or national, have 
an average attendance of about 20 per cent at their 
meetings. A good speaker raises it somewhat, unless 
it happens to be on a rainy day. Free meals are not 
too much an attraction; on the other hand, some groups 
include the price of ten monthly dinners in the mem- 
bership fee and such meals, paid for in advance, 
are a real drawing card. Of course, only closely knit 
organizations can operate on this basis. All my 
theories were upset when I got to know a very loosely 
organized group, their members scattered over 250 
miles, a group of teachers—and chemistry teachers at 
that—who, for more than 25 years, have met twice a 
year for a full-day session with an average attendance of 
over 40 per cent. 

The beginnings of this ‘‘Michigan College Chemistry 
Teachers Association” are somewhat obscure. The first 
page of their record book states: ‘‘organized at the Uni- 
versity of Michigan, Ann Arbor; January, 1925” and on 
the next page: “The records for the school years 
1924 to 1928 were lost and never came into my hands 
. . . -The entries below were compiled. ...” Signed 
Harry C. Doane, Grand Rapids Jr. College, Sec- 
retary 1928-29. 

Definitely, the organizer and first president was 
Dr. O. E. Madison, College of the City of Detroit 
(now Wayne University). Nothing is known about 
the attendance at the first meeting or the spring 
meeting which was held at the Michigan State College, 
East Lansing, but it is known that the organization’s 
third meeting, held at the University of Michigan, 
Ann Arbor, January 23, 1926, was attended by 39 
teachers from 14 colleges. The record book states: 
“Several from Michigan State College were prevented 
by a slight mishap from reaching Ann Arbor.” 

It is typical of the Michigan College Chemistry 
Teachers Association that only at its sixth meeting, 
held in May, 1927, at Albion College is a “report of 
the Secretary-Treasurer” mentioned. To this day, 
the organization handles its finances in a simple and 
successful way. When funds begin to run low—which 
happens every two or three years—a cigar box is 
placed on the lecturer’s desk and dimes (nowadays 
quarters) are dropped in by those who wish to do so. 
While the attendance seems to have gone up gradu- 
ally to about 60, at the seventh meeting (University 
of Michigan, Jan., 1928) there were only 25 persons at 
the luncheon, although four excellent speakers (H. H. 
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Willard and L. O. Case, University of Michigan, D. L, 
Randall, Albion College, and E. J. Bird, Wayne 
University) should have attracted a large audience, 
The minutes add somewhat apologetically: ‘Cold, 
near zero. Many members sick.” 

The 11th meeting (Nov., 1929) brought student 
demonstrations amplifying Dr. L. A. Ferguson’s 
speech on electrochemistry. A picnic luncheon was 
served by the wives of the University of Michigan 
chemistry faculty and the meeting was adjourned 
“to attend the Harvard-Michigan football game.” 
This meeting, like many others held at the University 
of Michigan, was a great success, largely because of 
the kindness and steady efforts of Dr. Roy K. Me. 
Alpine, who has held all sorts of offices in the Association 
and still is one of its key figures. 

The 27th meeting was held in the Albion College 
(May, 1938). Dr. H. N. Holmes (Oberlin College) 
spoke on “Vitamins.”’ During the business meeting 
the question of membership was raised and answered: 
“Any chemistry teacher of any Michigan institution 
doing collegiate work with a rank of instructor or 
higher is automatically a member of this body.” 

Today, to our best knowledge, this means a member- 
ship of 208 from 36 schools. 

Aside from the above definition of membership, 
only one other constitutional motion has been made, 
seconded, and carried. This was at the 33rd meeting 
held in November, 1940, in the Ford Motor Company’s 
famous “Rotunda,” Dearborn Inn, Edison Institute, 
and Greenfield Village, when Dr. A. J. Clark (Michigan 
State College) moved ‘‘that members who have retired 
or are about to retire, be given honorary life member- 
ships and that their biographies be kept in the per- 
manent records of the Association.” 

While there is not much of a constitution, there is, 
of course, quite a tradition in handling the affairs. 
A Nominations Committee is appointed by the presi- 
dent during the spring meeting. Within a few minutes, 
this committee names a new president, vice-president, 
and secretary, the nominations are closed and all 
in favor say “Aye.”’ Usually an officer has to work his 
way up for three hard years, from Secretary to Vice- 
President to President. I am awed by the tact and 
skill with which these men have made every chemistry 
teacher in Michigan accept and desire membership 
in the group, and look forward to driving through 
night and ice on a Saturday in December, and giving 
up cutting the lawn one weekend in May. I suppose 
the newcomers are first attracted by the visits to the 
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neighboring chemistry departments; then they feel 
their personal gain from the freely-given information 
and discussion of teaching methods, aims, and contents; 
the intimate atmosphere which immediately captivates 
even speakers from outside the group. From then 
on the newcomer is a friend who wants to see his friends 
again—whether for a day of fun, as on May 2, 1942, 
when the 35th meeting was held in Dr. Bartell’s cottage 
on Crooked Lake, or a tulip festival in Holland, Michi- 
gan, as the guest of Dr. Gerrit Van Zyl at Hope 
College, or the discussion of problems. 

The 47th meeting of the Michigan College Chemistry 
Teachers Association was held on May 5, 1951, in 
Wayne University’s Science Hall. Dr. William J. 
Bailey gave an interesting report on various phases of 
the rubber research program at Wayne University. 

During the luncheon a business meeting and elections 
were held. The 1951-52 officers are: 


President: Dr. G. Ray Sherwood (Wayne University) 

Vice-President: Dr. C. N. McCarty (Michigan State College, 
E. Lansing) 

Secretary-Treasurer: Dr, L. E. Strong (Kalamazoo College) 


Summaries of the other parts of the day’s program 
are given below. 


Industrial Recruitment of College Chemists 


(A talk by J. E. Russell, Monsanto Chemical Com- 
pany, St. Louis, Missouri) 


The ideal technical man is a well-rounded individual 
in the top half of his class, has a good personality, 
native intelligence, an inquisitive mind, an interest 
in outside activities, some understanding of industry, 
and a desire to work. 

I know that you are all interested in just how you 
can do best in preparing your students for industry. 
First, you must know industry! Study its financial 
statements, what it has done, what it plans to do. 
Make personal visits to companies and get to know 
a company representative personally in order that 
he may give you detailed job descriptions. Invite 
industrial speakers to seminars for junior and senior 
students. 

The summer employment program is an ideal medium 
for both the faculty and students to meet industry. 
It is the best two-way medium for the student and 
industry to get acquainted with each other. 

Keep guidance within your own faculty group. 
Endeavor to keep a complete file on each student 
so that the over-all picture will be readily available. 
Don’t tie yourselves too closely to any one company. 
There are many good schools which industrial 
firms are reluctant to contact because it is known that 
their top men are all slated for a certain industrial firm. 

In guiding your students visualize how their personal 
characteristics will fit into various jobs with various 
organizations. Many educators are inclined to stress 


their own specialties more than they stress the self- 
development of their students. Be sure to discuss the 
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relative merits of large and small conpanies, because 
some personalities are definitely better suited to one 
than to the other. 

Acquaint your men with the problems they will en- 
counter in various geographical locations—although 
they may pass up excellent opportunities by limiting 
themselves geographically. Discuss advancement pos- 
sibilities. A new employee is going to find plenty of 
competition with young men ahead of him. I’m saying 
this not with the idea of discouragement, but with the 
thought of making a graduate aware that while there’s 
plenty of room for advancement, he can’t hit the top 
overnight. 

Follow up your graduates—it’s an excellent way to 
confirm your appraisals. Drop a note to each man and 
get his impressions of his academic foundation as applied 
to his work in industry. Ask his employer for a prog- 
ress report on his activities and growth on his job. 

Advise your student on the importance of the pre- 
liminary or screening interview at your school. If the 
recruiter’s impression is not good, negotiations will stop 
right there. Suggest that the interviewee try to put 
his best foot forward. Recently, one of our men inter- 
viewed 40 men at one school in two days. Every man 
asked the same three questions: “What is your pay 
scale? What is your vacation policy? What employee 
benefits do you have?” 

Today’s student needs help and guidance regarding 
his military status. At any rate, have each one take all 
the interviews he can get. The personal contact with 
the company interviewer will prove valuable. 

We rely greatly on your comments and we appreciate 
your speaking frankly. Don’t go on record as saying 
that all your boys are good. 

Try to broaden the scope of your students. Urge 
participation in campus activities and fraternities— 
both professional and social. The chemist of today will 
have to sell—himself and his ideas. 

The college placement office is usually our initial con- 
tact in recruitment, but often we have been caught in a 
dispute between faculty and placement people. 

I hope that these suggestions and observations can 
contribute to bringing us closer together, for if we can 
begin to think alike, we can do a better job for each 
other; you, by developing and educating your students 
toward their industrial goals and we, by affording them 
the opportunities they deserve. 
Problems in Inorganic 
Leaders: Dr. F. B. Dutton and Dr. J. J. Pitha, 
Michigan State College, East Lansing. 


(1) Efficiency in Laboratory Teaching. There is a 
need for a laboratory manual that would stress the 
problem type of experiment, wherein the student would 
learn the principle involved in the experiment rather 
than how to solve a typical problem in a mechanical 
way. Closer integration between the laboratory and 
lecture material would increase the effectiveness of lab- 
oratory instruction. 
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(2) Developing Greater Interest in Laboratory Work. 
The course in the laboratory is given over almost wholly 
to graduate assistants, who may lack many of the fun- 
damentals necessary for adequate instruction. In some 
cases the professor has the feeling that laboratory 
teaching would consume valuable time that he could 
better spend in other ways. 

Floor discussions of these two problems brought the 
comment that they are found in all laboratory courses. 
Better correlation between the lecture and the labora- 
tory work and quizzes on the material of the experiment 
were suggested. Another comment: “Too many people 
are driven from chemistry by the rigor of the labora- 
tory, and the quiz type of experiment is not stimulating 
to the student.” These two opposing points of view, 
the formal experiment versus the informal laboratory, 
were not resolved in this discussion. 

(3) Is high-school mathematics a better preparation for 
college chemistry than high-school chemistry? Statistics 
seem to indicate that a lack of a good understanding of 
elementary mathematics fails many students in college 
chemistry. The choice of a prerequisite in the high 
school between mathematics and chemistry seems to 
depend on the individual worth of these courses in the 
various high schools. The comment was made that 
high-school chemistry stimulates students in college 
chemistry. Michigan State College makes an attempt 
to classify students for either the “major” or the “di- 
lute” course in freshman chemistry on the basis of an 
aptitude test in arithmetic. 


Discussion of Teaching and Research in Organic and 


Biochemistry 
(Leader: Dr. Leigh C. Anderson, 


Michigan) 


The value of correlating laboratory work with the 
theoretical aspects was stressed. It was pointed out 
that Albion College requires its students to complete a 
semester lecture course before starting laboratory work. 
The use of visual aids was mentioned and it was pointed 
out that many times only front-row students receive 
much benefit from demonstrations. The value of sound 
movies was considered and it was pointed out that they 
were not readily available. Films similar to those 
which have been prepared at the University of Michi- 
gan for illustrating quantitative procedures were sug- 
gested as desirable. The use of molecular models was 
discussed and the inadequacy of commercial sets was 
admitted. It was suggested that large plastic models, 
as used at Northwestern University, might be of value. 
One of the staff of the University of Michigan stated 
that polls which he had taken of students in his classes 
indicated that lecture demonstrations were not worth 


University of 
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the time they took, because many were repetitions of 
laboratory work and also because many of the students 
were unable to see them on the lecture tables. 

A brief discussion was held on the use of under. 
graduates as laboratory assistants. It was suggested 
that the work of assisting other students might better 
be limited to seniors and students of the graduate level 
and that the preparation of solutions and equipment for 
class work be assigned to assistants at the lower class 
level. It was pointed out that at Hope College it is the 
practice to have one instructor and two undergraduate 
assistants in charge of laboratory groups of approxi- 
mately 25 students. During the past 28 years from 
125 to 130 such unpaid assistants received training, 
which each found an invaluable experience. 

There was a brief discussion on the offering of quali- 
tative organic analysis, but the question was not con- 
tinued since many of the colleges represented were not 
equipped for such special work. The question of the 
amount of material to be used in laboratory experiments 
was discussed, and the fact was stressed that the use of 
either much larger or much smaller amounts than those 
given in most manuals entails problems which are worth 
the student’s consideration. 

Some discussion was held about the selection of topics 
for a one-semester course in organic chemistry. It was 
mentioned that the University of Michigan is changing 
its organic chemistry curriculum so that students will 
take a four-credit lecture and a two-credit laboratory 
program covering the field of organic chemistry in the 
first course, and that the second course would then take 
up those topics which could not be handled adequately 
in the first course. It was suggested that such a system 
would handle transfer students in a much more satis- 
factory manner than the present courses allow. 
Analytical Division 
(Leader: Dr. Edward J. Bird, Wayne University) 

Dr. C. C. Meloche of the Department of Chemistry 
of the University of Michigan showed a number of the 
colored films which he and Dr. Carney use in their 
illustrated lectures. Dr. Meloche emphasized the need 
for lecture demonstrations and the advantages of col- 
ored films over actual demonstrations. The films 
showed the techniques used in the following laboratory 
procedures in volumetric analysis: (1) use of transfer 


pipet, (2) use of buret, (3) standardization of NaOH, 
(4) use of the balance, (5) washing operations, (6) dis- 
solving samples, (7) end points in titrations. 

Reprints of the paper on “Illustration and demen- 
stration in elementary volumetric analysis” by C. C. 
Meloche and R. J. Carney of the University of Michi- 
gan (J. Cuem. Epuc., 23, 198 (1946)) were passed out. 
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a THE FORMATION OF REFRACTORY COATINGS 
BY VAPOR-DEPOSITION PROCESSES 


Tue rapidly growing interest in high-temperature 
processes has renewed interest in all types of refractory 
materials for constructional purposes. The existence 
and properties of many of these materials have been 
known for years, but their practical utilization has been 
delayed for lack of suitable means of fabricating such 
materials. A means of applying coatings of these 
refractory materials would be especially desirable, 
since virtually all of the refractory metals or alloys 
that can be readily fabricated possess poor resistance 
to high-temperature corrosion, while the highly oxi- 
dation-resistant, non-metallic ceramics in bulk form are 
difficult to fabricate and frequently have undesirable 
thermal and mechanical properties. The logical solu- 
tion for this difficulty would be to apply a protective 
ceramic coating to a refractory metal-alloy base. 
A cursory examination of tables of even the simplest 
refractory materials shows that conventional coating 
methods, such as electroplating, hot-dipping, painting, 
etc., are not suitable for application of coatings to 
many of these materials. 

An effective and flexible means of applying coatings 
of the refractory metals, carbides, nitrides, borides, 
and silicides exists in the so-called vapor-deposition 
processes. In these processes a volatile compound 
of the material to be deposited is passed over the work, 
while the latter is heated to a temperature at which 
the compound is decomposed or reduced at the surface 
to form an adherent coating. 

These processes should not be confused with the 
well-known “evaporation” and “sputtering” processes. 
The vapor-deposition processes can be used to deposit 
coatings of the most refractory materials at temper- 
atures far below their melting points or at temperatures 
where their vapor pressures are negligible. Coatings 
varying from less than a micron to several millimeters 
in thickness can be formed in plating times varying 
from a few minutes to several hours in duration. 
Most vapor-deposition processes can be carried out 
either in a vacuum or at gtmospheric pressure, and 
they always involve a chemical reaction at the plating 
zone. 

Coatings made in this way at high temperatures are 
frequently more adherent and stable under high- 
temperature operation than materials deposited at low 
temperatures (as by electrodeposition), which have a 
greater tendency to flake away when heated. 


HISTORY 
These coating methods were developed from a tech- 


CARROLL POWELL and I. E. CAMPBELL 
Battelle Memorial Institute, Columbus, Ohio 


nique employed nearly 60 years ago by the incandes- 
cent-lamp industry in its efforts to improve on the 
fragile carbon filaments then used. In an attempt 
to obtain tungsten filaments having suitable physical 
properties, de Lodyguine (1), in 1893, coated carbon 
filaments with tungsten by heating them in a mixture 
of hydrogen and tungsten hexachloride (or oxychloride) 
vapor. Many subsequent experiments along these 
lines were made, but the use of a carbon filament as 
core for the deposited metal did not yield results of 
practical importance. Suitable core material became 
available when ductile tungsten wires were developed 
by other means. The need for using these vapor- 
deposition processes in this connection then vanished, 
of course, and interest in the processes temp®rarily 
waned. 

Between 1909 and 1939 these processes were in- 
creasingly used to obtain the refractory nonmetals 
and metals, titanium and zirconium especially, in a 
highly pure form. The halide-decomposition process 
possessed unique advantages over more conventional 
metallurgical practices in that dense masses of the 
refractory metals could be obtained with no contami- 
nation from the surrounding atmosphere or container. 
The major development of the “hot-wire process,” 
as it is sometimes called, for metal production was 
made between 1922 and 1939 (2-25). 

The development of these processes as a means of 
applying protective coatings has occurred largely 
since 1935. A considerable amount of information 
is available on specific coating processes, particularly 
on the formation of carbide coatings and on the dep- 
osition of some of the refractory metals, but nearly 
all of the previous work has been confined to the coating 
of wires, and only a moderate amount of work has been 
directed toward the development of coating processes 
of general experimental and commercial utility. 

In work at Battelle Memorial Institute for Project 
RAND on the analysis of methods for applying re- 
fractory coatings, a comprehensive investigation of 
vapor-deposition methods has been carried out. In 
the course of this work procedures already outlined 
in the literature have been checked and missing data 
have been provided. 


COATING PROCESSES 


Vapor deposition consists essentially of reducing or 
decomposing a volatile compound of the coating mate- 
rial upon a heated surface. For the practical employ- 
ment of this method the material must readily form a 
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volatile compound which dissociates sufficiently (or 
can be reduced) at a temperature below the melting 
point of the coating material, so that the partial pres- 
sure of the material in the vapor state is higher than the 
normal vapor pressure of the material at this temper- 
ature. 

Two general plating methods are used: (1) chemical 
reduction or: displacement at the surface; and (2) 
thermal decomposition at the surface. In the re- 
ductive class are (a) hydrogen reduction of halides, 
(b) reaction of halides with a gas containing carbon, 
nitrogen, boron, silicon, or oxygen compounds, and 
(c) displacement or reaction of the base material with 
one of the constituents of the gas phase. In class 
(2) are (a) the high-temperature decomposition of 
halides and oxygen-containing compounds, and (b) 
the low-temperature pyrolysis of carbonyl and hydride 
compounds. 

The hydrogen-reduction processes are usually carried 
out as follows: 

Hydrogen is passed over, or through, the solid or 
liquid metal halide, heated to such a temperature that 
the resultant gas mixture contains from one to 20 or 
30 per cent (by volume) of metal halide vapor. This 
gas fixture then passes into the coating chamber 
and over the heated specimen, reacting at the heated 


surface and depositing an adherent coating of the 


nonvolatile reaction products. The spent gases pass 
on out of the chamber and are either suitably disposed 
of or treated for recovery of the unused metal halides. 
Where operation at reduced pressure is required, 
the exit from the plating chamber is connected to a 
liquid-air-trapped vacuum pump, and hydrogen is 
bled into the evacuated halides vaporizer and plating 
chamber through a needle valve. The pressure in 
the system is usually measured at the inlet to the 
vaporizer with a barometric mercury column. Lower 
halide-vaporizer temperatures are used in operation 
at reduced pressures in order to maintain the proper 
hydrogen-to-metal-halide ratio. 

The thermal-decomposition processes are carried 
out in an analogous fashion with an inert carrier gas 
instead of hydrogen. Higher concentrations of the 
metal-compound vapors can be used here than in the 
hydrogen-reduction processes. In reduced-pressure 
operation the carrier gas is frequently omitted, the 
metal halide or compound being distilled or sublimed 
through the coating chamber. 

The following materials have been deposited by these 
reactions. 

Metals: Beryllium, aluminum, titanium, zirconium, 
hafnium, thorium, vanadium, niobium, tantalum, 
chromium, molybdenum, tungsten, uranium, rhenium, 
iron, nickel, ruthenium, rhodium, osmium, iridium, 
and platinum. Alloys of tantalum and titanium, 
tantalum and zirconium, tantalum and _ niobium, 
chromium and molybdenum, chromium and iron, etc. 

Metalloids: Boron, carbon, and silicon. 

Compounds: Carbides of boron, silicon, titanium, 
zirconium, hafnium, vanadium, niobium, tantalum, 
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chromium, molybdenum, and tungsten. Nitrides of 
boron, titanium, zirconium, hafnium, vanadium, nio. 
bium, and tantalum. Silicides of titanium, zirconium, 
niobium, tantalum, chromium, molybdenum, and 
tungsten. Borides of aluminum, silicon, titanium, 
zirconium, hafnium, vanadium, niobium, tantalum, 
chromium, molybdenum, and tungsten. Oxides of 
aluminum, silicon, titanium, zirconium, and chromium, 

Typical reactions employed to obtain these coatings 
are as follows: . 


°-1400°C. 
2TaCls + 5H, > 2Ta 10HC1 
atm. pressure 
in vacuo 
906 °--1200 °C. 


CrCl, + Fe (+ H: + HCl) >Cr + FeCl, (+ 


atm. pressure 


H.+ HCl) 
Ni+4co 
atm. pressure 
(C, H) + 4HC) 
atm. pressure 
ZrCl, + 2BCl,; + 5H: ZrB, + 10HCI 
atm. pressure 
Mo + 2SiCl, + 4H; MoSi; + 8HCI 
atm. pressure 
°_1000°C. 
ZrCl, + 2CO, + 2H, ZrO, + 2CO + 4HCl 
atm. pressure 
600 °-900°C. 


(C2Hs),SiO, (+ He) » SiO. (+ He + C, H, 0) 


atm. pressure 


For most materials, more than one deposition re- 
action is available. This permits coatings to be ob- 
tained under a wide range of conditions and upon 
a greater variety of base materials. 


APPARATUS 


Most of these processes can be carried out in pyrex 
apparatus since the majority of the volatile compounds 
used develop the required vapor pressure below 550°C. 
and the samples themselves can usually be heated 
internally. Where less volatile materials, such as 
the halides of chromium and vanadium, are used, 
quartz, Vycor, or porcelain apparatus may be necessary. 

Metal containers are satisfactory in some cases, but 
in other cases the corrosive nature of the reactants 
precludes the use of metal equipment, particularly in 
the plating zone. 

An apparatus which has been used to coat continuous 
lengths of iron, copper, and molybdenum wires is 
shown in Figure 1. 

The specimen is best heated by induced high-fre- 
quency currents, or by resistance heating, the form and 
composition of the specimen permitting. External 
furnace heating can be employed in some cases, but 
the plating efficiency is often low because of extensive 
deposition on walls of the plating chamber. 

In all of the plating processes except the halide- 
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Mercury seal 
Stuffing gland 


Helium inlet 
Wire electrode 


Condensation bulb 
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decomposition method for Ti, Zr, Hf, Th, V, Cr, U, 
and Re (reaction(2a)), the plating atmosphere is usually 
prepared outside of the plating chamber. This re- 
quires large amounts of more or less pure auxiliary 
materials, such as hydrogen, halogens, hydrocarbons, 
nitrogen, carrier gases, etc., which are usually not 
conveniently recoverable after being used. With the 
halide-decomposition process a relatively small amount 
of halogen may in some cases be used to transport 
cyclically a large amount of metal between the low- 
temperature, halide-synthesis region and the high- 
temperature, metal-deposition point. As_ starting 
materials one may use relatively impure crude metals 
or carbides. Those contaminants, chiefly oxygen, 
nitrogen, and carbon, which do not form volatile 
compounds are left behind and a purified metal is 
deposited. This process is not confined to depositing 
the metals listed but can also be used with other metals, 
which usually can be more conveniently deposited 
by other methods. 


COATING CHARACTERISTICS 


The properties of the coatings are much the same as 
those of the same materials in bulk form. The metals, 
with the exceptions of osmium, ruthenium, and iridium, 
can be deposited in ductile form. They can be made 
hard and brittle, however (and often inadvertently are), 
by the addition of traces of carbon, oxygen, nitrogen, 
or hydrogen compounds to the plating atmosphere. 
Boron, silicon, and the carbides, nitrides, borides, 


oxides, and most of the silicides deposit in an extremely 
hard, brittle form. Some of the silicides of tantalum 
and molybdenum are slightly ductile at room tem- 
perature. 

Specimen temperature seems to be the factor exerting 
most influence on the nature of the deposit. More 
coarsely crystalline deposits are usually obtained at 
the higher deposition temperatures. Single-crystal 
deposits of many materials can be obtained at high 
temperatures if a single-crystal base for the deposit 
has been used. At the other extreme, vitreous, amor- 
phous deposits of boron, silicon dioxide, and boron 
carbide have been obtained. 

The concentration of reactants in the plating atmos- 
phere, as well as the pressure of this atmosphere, 
likewise affects the crystallinity of the deposits. Coat- 
ings obtained at higher concentrations or pressures 
are usually more finely crystalline. 

The purity of the deposit depends upon the purity 


.of the starting materials and (where a compound is 


deposited) upon the plating conditions. In the hydro- 
gen-reduction process the halides used should be free 
of volatile, reductible foreign halides and of oxyhalides 
and halogens. If ductile metal deposits are desired, 
the hydrogen used must be free of oxygen, nitrogen, 
and hydrocarbon compounds. 

The adhesion of the coatings is influenced by the 
deposition temperature, the purity of the reactants, 
the cleanliness of the surface being coated, the chemical 
properties of the base, and the relative physical prop- 
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erties of the coating and base materials. The less 
stable plating compounds tend to be reduced or de- 
composed at a considerable distance from the heated 
surface at the higher temperatures. This causes 
nonadherent powder deposits, or the formation of 
nonvolatile decomposition products which are blown 
out of the plating zone before deposition can occur. 
The effect is especially noticeable in depositing molyb- 
denum and tungsten by hydrogen reduction of the 
halides; SiOz, Al,O;, ZrO2, ete., by the CO. + He 
oxidation of the halides; and in the pyrolysis of 
carbonyl, carbonyl-halide, and hydride compounds. 
The difficulty can be alleviated or removed by lowering 
the specimen temperature, or, better, by reducing the 
pressure of the plating atmosphere. 

Cleanliness of the surface and purity of the reactants 
are of primary importance in securing adherent de- 
posits in those cases where interdiffusion of the coating 
and base material is slight. Where such diffusion 
readily occurs, as in chromizing iron or siliconizing 
molybdenum, these factors are of less importance. 
In some instances, constituents of the base material 
may react with the by-products of the coating re- 
action to leave a nonvolatile, contaminating surface 
film which reduces adhesion. 

The ductile metals generally form the most adherent 
coatings on the widest variety of bases. Brittle 
materials usually form satisfactory coatings only on 
those bases which approximate them in coefficients of 
thermal expansion, and are not subject to deformation. 
Vitreous coatings of brittle materials usually exhibit 
greater strength and resistance to thermal shock than 
crystalline deposits. 


DEPOSITION CHARACTERISTICS 


Deposition rates vary with the material deposited and 
the process used. Layers of some metals can be 
built up by hydrogen reduction of their halides at 
rates of 0.0003 to 0.0026 in. per minute. In other cases, 
particularly with the thermal-decomposition processes, 
much lower deposition rates are obtained. 

The thickness of vapor deposits may be varied within 
a wide range—from a few hundredths of a mil (0.001 in.) 
to a half an inch or more in thickness. The average 
deposit runs from 0.001 to 0.010 in. in thickness, 
depending upon the type of service required of it. 
Coating uniformity depends chiefly upon the 
uniformities of specimen temperature and of rate of 
supply of fresh plating atmosphere to all surfaces of 
the sample. 
sult in heavier deposits in the hotter portions, except 
under conditions where the higher temperatures pro- 
duce premature reaction of the plating atmosphere. 
Uniform specimen temperatures are most readily 
obtained with external heating, but at the cost of 
lower plating efficiency. Internal heating, by in- 
duction, will in most cases give uniform specimen 
temperatures if a judicious coil design has been em- 
ployed. 

A uniform supply rate of fresh plating atmosphere is 


Non-uniform specimen temperatures re- . 
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A: Copper backing plate 


B: Tantalum C: Copper base 


Figure 2. Tantalum on 0.072-in. Diameter (1.83 cm.) O.F.H.C. Cop- 

per Wire, 15 Min. at 900°C. (1000 x) 
more difficult to obtain than uniform specimen temper- 
ature, especially on stationary samples. With non- 
turbulent flow at near-atmospheric pressures, the 
material tends to deposit in pronounced streamlines 
and on the windward side of objects. Such non- 
uniformity can be reduced or eliminated by rotating 
or inverting the specimen during plating or between 
consecutive plating perieds. 

Operation at reduced pressure is sometimes useful 
in improving deposit uniformity, particularly in proc- 
esses where premature reduction of the plating atmos- 
phere presents a problem. 

Plating efficiency, as measured by the ratio of mate- 
rial deposited to material supplied as volatilized com- 
pound, varies greatly with the plating process and 
with the conditions used within any one process. 
The thermal-decomposition in-vacuo processes are 
close to 100 per cent efficient. Values of 10 to 80 
per cent have been observed in plating metals by 
hydrogen reduction of the halides, while the oxide- 
deposition processes are only a few hundredths or 
tenths of a per cent efficient as normally conducted. 


PRESENT APPLICATIONS 


A wide variety of products and materials have been 
coated by vapor deposition. Adherent nonporous 
deposits of all of the materials previouly mentioned 
have been obtained on one or more of the following 
bases: copper, nickel, tantalum, molybdenum, tungsten, 
several alloy steels, iron, graphite, porcelain, alumina, 
fused silica, pyrex glass, and sintered carbide bodies. 
Metals have been coated on nonmetals and vice versa. 

In addition to wire, rod, tubing, and strip, numerous 
articles such as thermocouple wells, die blocks, nozzles, 
crucibles, cyclotron- and X-ray-tube targets, and 
electronic-tube elements have been coated. Porous, 
electrically conductive coatings have been applied to 
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A: Boron B: Molybdenum 
C: Molybdenum boride 


Figure 3. Boron on Molybdenum, 15 Min. at 1000°C. (500 x) 


porous ceramic bodies, and ceramic particles have been 
given metallic coatings to improve the ceramet bodies 
in which they are incorporated. Most of the work has 
been carried out as a batch process, but certain of 
the refractory metals have been coated on iron, copper, 
and molybdenum wires in diameters from 0.005 to 
0.062 in. and in lengths up to 1000 ft. by a continuous- 
flow process. 

Micrographs of a few typical vapor-deposited coat- 
ings appear in Figures 2 to 4. 

These processes have had only limited commercial 
application to date. A number of patents have been 
issued on the coating of vacuum-tube elements, but 
it is doubtful if any extensive commercial use has 
been made of filaments prepared in this fashion. 

Siliconizing in a silicon tetrachloride-hydrogen mix- 
ture has been used to improve the corrosion resistance 
of iron. Gaseous chromizing of iron and steel with 
chromous chloride was developed and used in Germany 
during the last war to extend the supply of scarce 
corrosion-resistant materials. Commercial chromizing 
has been reported as being done by the Diffusion 
Alloys Corporation of New York, by the American 
Electro Metal Corporation of Yonkers, New York, 
and by the Metal-Gas Company, Ltd., of England. 

The Fansteel Metallurgical Corporation of North 
Chicago, Illinois, has developed the hydrogen-reduction 
process for applying tantalum, niobium, tungsten, 
and molybdenum to commercially useful articles. 
Fansteel also produces siliconized molybdenum articles 
on a custom basis. The molybdenum disilicide 
coatings produced are noted primarily for their re- 
sistance to high-temperature oxidation, but also have 
good all-around corrosion resistance. 


POTENTIAL APPLICATIONS 


In many applications, the body of an object is not 
excessively heated, yet fails through progressive 
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A: AleO; and ZrO, 
B: Molybdenum 


Figure 4. Al:O; and ZrO: on Molybdenum, 2 Hours at 875°C., Etched 
in Boiling H:O: and HF (500 X) 


attack initiated at some point in a thin skin at a heated 
surface. Vapor plating with a thin film of a high- 
melting material resistant to oxygen, nitrogen, water 
vapor, etc., would help to avoid this. Such materials 
exist in the carbides, nitrides, borides, and some of 
the silicides and oxides of the high-melting metals and 
the metalloids of the third, fourth, fifth, and sixth 
periodic groups. Specific applications might be: lin- 
ings for combustion and exhaust chambers, coatings 
for gas-turbine blades, valve and cylinder coatings 
for internal combustion engines, linings for heat- 
exchanger and regenerator elements, coatings for 
hot rolls and heating electrodes or elements. 

Hard, erosion-resistant surfaces are required in 
some applications. The carbides, nitrides, and es- 
pecially the borides of the metals previously men- 
tioned would be suitable coating materials here. Some 
of these materials are, unfortunately, extremely 
brittle, but they might be used where they are not 
subject to impact or deformation. Possible appli- 
cations might be: linings for solid-fuel-injection nozzles 
and shot-blasting nozzles, bearing surfaces, die facings, 
coatings for chains and wires subject to severe abrasion. 

Miscellaneous applications, where vapor deposition 
might expedite or make possible the fabrication of 
parts, are the preparation of: 

(a) Thin, small elements for thermocouples, re- 
sistance thermometers, bolometers, transistors, etc. 
Elements of higher sensitivity, having a more rapid 
response, or more stable at higher temperatures. 

(b) Vacuum- and photo-tube elements of improved 
electrical or optical properties. 

(c) Large, clear crystals of oxides such as silica, 
titania, zirconia, corundum, zircon, and perhaps 
gem stones such as beryl, ruby, sapphire, and garnet. 
These preparations would have to be made at reduced 
pressure. 
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(d) Tubes and sheets of hard, refractory materials 
(for example, nonporous tungsten furnace tubes have 
been prepared by vapor depositing tungsten ona 
removable core (6)). 

(e) Massive quantities of hard, refractory materials. 

(f) Corrosion-resistant chemical ware and piping. 


SUMMARY 


The vapor-deposition processes constitute a highly 
versatile and flexible means of applying coatings of 
most of the refractory metals and nonmetals. While 
these processes can also be applied to some of the 
more commonplace and less refractory materials, 
they are potentially most useful for applying those 
materials not readily deposited by other means. 

Coating thicknesses can be varied, and fairly well 
controlled, over a wide range. 

Most refractory materials can be obtained in a purer 
state by vapor-deposition processes than by conven- 
tional metallurgical practices, and considerable control 
can be exerted over the properties of the materials by 
controlled additions of modifying agents or “‘contami- 
nants.” The possibilities existing in polynary coatings 
have only been touched upon, as have the possibilities 
existing in displacement-diffusion metallic coatings 
of the type obtained in gaseous chromizing. 

On the other hand, uniform coatings on large objects, 
or on undercut or complex-contour surfaces, are 
difficult to obtain by all vapor-deposition processes 
except the displacement-diffusion type employed 
in chromizing or siliconizing. Many of the simple 
compounds which are very effectively applied by 
vapor deposition have an undesirable brittleness, 
although in many instances this more or less disappears 
at the high temperatures where these coatings might 
be used. Considerable use still might be made of 
such brittle coatings with proper design of the base 
part. Although vapor deposition gives materials 
of X-ray density, and gives less trouble with coating 
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imperfections than most other coating procedures, care. 
ful technique and control are required to obtain the per. 
fect coatings necessary for complete protection. This 
factor is, of course, the most serious limitation in the 
use of corrosion-resistant coatings which are always, 
potentially at least, weak links in the chain. 
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The following corrections apply to the January issue, page 24. 


Right-hand column, line 10: 
Equation (3) should read: 


Equation (6) should read: 


Five lines from bottom: 


for “ref. (2)” read “ref. (4).”’ 
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Mosr American chemists think of Joseph William 
Mellor (1869-1938) as the author of ‘Complete 
Treatise on Theoretical and Inorganic Chemistry” 
(16 vols., 1937) and of the more popular “Modern In- 
organic Chemistry’ which has been used as a college 
text in the entire English-speaking world. Mellor 
was a ceramist of note and published over 100 papers 
inthat field. He was honorary secretary of the Ceramic 
Society from 1905 until he died May 24, 1938. He 
raised the status of the Society from a purely local one 
in Stoke-on-Trent, England to national and inter- 
national prominence. 

“Obituaries of the Royal Society of London’’ in- 
clude, in an article on Mellor, the comment “Keen 


WE EMBARK 
sense of analogy; his wit and his lucid expression adorn 
his many writings.”” This wit is exemplified to the 
highest degree in his ‘‘Log-Book of the Voyage of the 
Ceramic Society to New York, April 1929,’”’ an auto- 
graphed bound copy of which, under the title ““Mellor’s 
Nonsense,’’ was presented to the writer. 

The 36-page volume contains the menus of the Ce- 
ramic Society from Saturday April 20 through Sunday 
April 28, 1929, on board the R.M.S. Laconia of the 
Cunard Line. The first menu contains a reference to 
a “Pictorial Journal” and states “Arrangements have 
been made for a Chiel (Scotch for child) among us to 


1From “Sidelights on the life and work of the late J. W. 
Mellor,” presented to the Division of the History of Chemistry, 
Chicago, September 6, 1950. 


‘““MELLOR’S NONSENSE“”’ 


ALEXANDER SILVERMAN 
University of Pittsburgh, Pittsburgh, Pennsylvania 


The BOSS putting 
the Boys to bed... 


That 


“Chiel’’ was Joseph Mellor whose 
cartoons illuminate the menus, usually two full-page 
cartoons per menu and at least a page of witty com- 


take notes.” 


ments. Only a few of the cartoons are reproduced: 
“We embark”’; “The Boss putting the Boys to bed” 
(Mrs. Mellor accompanied the Doctor. He always 
referred to her as the “Boss’’ for she managed his busi- 
ness affairs and the publication of his writings. The 
names above the beds are those of officers of the Society, 
the President, William Gardner, past presidents, etc.) ; 
“We arrive” (note the Custom’s officials portrayed as 
Indians with tomahawks, and the sign-board allusions 
to “Dry America’’). 

There are many clever small sketches besides the 
full-page cartoons. On one menu (April 27) all the 
courses begin with a “K”’ instead of a “C,” as the 
British pronounce Ceramic “‘Keramik.’’ Mellor refers 
to the KKK as a society for protesting the soft C pro- 
nunciation. One of his concluding paragraphs reads 
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“T have the blues when I think that we are nearing the 
end of our voyage, and that I shall have to become 
serious again as I resume my top-hat.’’ With a final 
jibe at our soft-C pronunciation of ‘Ceramic’ he 
signs off with “Hail Solumbia! THE CHIEL.”’ 
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The variety of subject matter, the fine details of 
Mellor’s cartoons, the excellent facial portrayals of his 
victims, .the feeling of action, the extraordinary senge 
of humor stamp him not only as a wit, but also as ap 
artist “par excellence.”’ 
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GENERAL AND ANALYTICAL CHEMISTRY WORKSHOPS 


TuesE workshops are jointly sponsored by the Division of 
Chemical Education and will be held on the campus of Oklahoma 
Agricultural and Mechanical College, Stillwater, Oklahoma, 
June 11 to June 21 inclusive. 

Excellent dormitory and housing facilities for individuals or 
families and air-conditioned conference rooms are available. For 
information concerning transportation, dormitory and meal 
costs, registration ($12.50), and reservations, write to Dr. Harry 
P. Johnston, Department of Chemistry, Oklahoma A. and M. 
College, Stillwater, Oklahoma. 


General Chemistry 


This is the third annual conference on the teaching of general 
chemistry. Two well-known discussion leaders will be Dr. L. L. 
Quill of Michigan State College, where after many years of ex- 
ploration a Doctorate program for college chemistry teachers is 
now being offered, and the stimulating and vivacious Dr. Hubert 
Alyea of Princeton University. 

The studies are usually conducted in small groups organized 
during the early sessions. Registrants will be given the oppor- 
tunity of choosing work on their own problems or those arising 
from the group. Last year these included minimum essentials, 
the place of qualitative analysis in general chemistry, chemistry 
in general education, and a handbook for teaching assistants. 

Studies which were suggested in a recent survey of general 
chemistry teachers are: (1) What can be done about the trend to 


convert general chemistry into a beginning course in physical 
chemistry? (2) Can a content schedule for a two-semester 
course in general chemistry be standardized for national use? 
(3) Can the practice of requiring non-majors to take a cours 
designed for majors be justified when the former outnumber the 
latter 20 toone? (4) Is there any place for analytical procedures 
in general chemistry laboratory practice? (5) How can labom- 
tory practice and lecture demonstrations be more closely related 
to actual experimental conditions? 

The Workshop offers a method of sharing problems at first hand 
and provides a framework on which their solutions can be formu. 
lated. It is an incentive for the work of local groups. 


Analytical Workshop 


The first annual Workshop in Analytical Chemistry will be 
under the direction of Dr. Edward L. Haenisch, Wabash College, 
and Dr. Paul Arthur, Oklahoma A. and M. College. 

Groups organized in the early sessions may work on the content 
of the analytical course and its relation to general chemistry, 
Other suggested topics are such as: (1) Should there be any 
further work in qualitative analysis beyond that customarily 
given in the first year? (2) How much use of instruments should 
be included in the first course in analytical chemistry? (3) 
What changes should be made in the ‘‘classical’’ analytical course 
to meet modern trends? (4) What difference should there be in 
courses for majors and for non-majors? 
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NATIONAL COLLEGE TESTING PROGRAM 


Dr. T. A. AsHrorp, Chairman of the Examinations Committee 
of the Division of Chemical Education of the American Chemical 
Society, has announced that the 11th National Chemistry Test- 
ing Program will be conducted this spring. As usual, objective 
type tests are available in general chemistry, qualitative analysis, 
quantitative analysis, organic, physical, and biochemistry. 

A new examination has been prepared for general chemistry. 
It has been carefully prepared by a large number of professors of 
chemistry, working cooperatively. A new composite form has 
been prepared in quantitative analysis. This form includes 
tested items which have been found to be very successful in pre- 
vious examinations. All of the tests have been constructed under 
the direction of the Examinations Committee through the various 
sub-committees. 

National norms have been obtained for all except the new tests 
and will be mailed to test users with the orders. These norms are 
very useful for comparison purposes. The norms for the new 
tests will be mailed to the participants on the completion of the 
program. 

A bulletin describing the tests in detail may be secured from the 
Examinations Committee, Dr. T. A. Ashford, Chairman, St. 
Louis University, Saint Louis, Missouri. The available tests are: 


General Chemistry 
Form G (new form), five parts, 105 minutes; Part VI (optional) 
additional 8 minutes. 
Form Z, five parts, 105 minutes; Part VI (optional) additional 
8 minutes. 
Form 1948, five parts, 110 minutes. 
Qualitative Analysis 
Form Y or Z, three parts, 100 minutes. 


Quantitative Analysis 
Form G (new form), two parts, 110 minutes. 
Form X or Y, two parts, 110 minutes. 

Organic Chemistry 
Form W (revised 1946), two parts, 100 minutes. 
Form Y, two parts, 100 minutes. 

Physical Chemistry 
Form W, five parts, 100 minutes. 


Biochemistry 
Form X or Z, two parts, 100 minutes. 
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a SEMIMICRO LABORATORIES 


Tue semimicro methods in use in general and organic, 
as well as qualitative, chemistry laboratories at this 
branch college have proved economical of time, space, 
and materials. Dispensation of reagents in drop 
rather than in milliliter quantities effects marked 
savings in time and space, since need for refilling 30-ml. 
dropping bottles is no more frequent than that re- 
quired to refill the 300-ml. bottles required on the macro 
scale. 

Change-over from macro to semimicro scale reduces, 
perhaps tenfold, space normally required for storage, 
dispensation, and manipulation, an item not to be 
ignored in schools with space problems. 

Teachers who have visited the Sault Ste. Marie 
Branch laboratories have suggested a published descrip- 
tion of the novel aspects of one of the laboratories as a 
possible aid to high-school and college instructors 
who may wish to convert from macro to semimicro 
laboratories with the view in mind of cutting costs, 
saving space, and training their students according 
to the present trend. 

The plan of the general, organic, and qualitative 
laboratories is about the same. Quadruplicate sets 
of reagents in 250-ml. bottles are strategically located 
at the four corners of a laboratory of large size, dupli- 


| cate sets sufficing for smaller ones, such solutions serv- 


ing for those few experiments which call for more than 
drop quantities. 

Two hoods, each with 6'/2 sq. ft. of working area 
at two ends of the laboratory, are equipped with 
ordinary pipe manifold and hard-rubber stopcoeks 
and water traps for dispensing H.S from a cylinder 
containing 20 lb. of gas, located midway between 
the two hoods to minimize piping. Since the cylinder 
had to be in the laboratory, a glassed-in box equipped 
with a padlock was built around a reduction valve, 
thus ensuring proper regulation. The usual metal 
stopcocks tend to corrode and “freeze”? or become 
dificult to turn. The total investment, including 
cylinder, reducing valve, piping, and stopcocks did 
not exceed $100. 

Open shelves, located at the ends of the laboratory, 
or in the middle along the wall, are used for supporting 
duplicate sets of solid chemicals. For weighing, two side 
shelf balances of 0.1 g. sensitivity are provided for 
each table. As a luxury item, an adjoining room is 
supplied with analytical balances. Careful instruc- 
tion in, and supervision over, their use are given by 
the staff members to each student. All students, 
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Semimicro Reagent Rack 


except those in quantitative chemistry who have 
their own balance room, use these. 

The most unique feature of the semimicro laboratory 
is the reagent rack, a photograph of which is given. 
The design consists of a duplicate set of 60 reagents 
in 1'/,-in. square, 30-ml. Barnes’ bottles. Each set is 
in two rows, locked in place by a 43-in., two-section 
dowel to facilitate removal of bottles for cleaning. 
Bottles may be refilled in situ, if desired. 

Smaller racks are of identical design except for length. 
Cations, anions, and reagents for their analysis re- 
quire less space. 

Blocks 17*/, in. long, 3°/, in. wide, and 1'/2 in. high, 
having holes 2 in. in diameter and ‘/s in. deep, hold 
six round bottles 1'/. in. in diameter and 70 ml. capacity, 
which contain the highly concentrated acids. One 
of these blocks accompanies each large rack and, 
like the rack, serves a minimum of four students. 

For the Barnes’ bottles containing the more fre- 
quently used acids and bases, a box 81/2 in. by 3°/4 in., 
and '/, in. in depth, inside measurement, is provided. 
A longitudinal partition */, in. in thickness and !/» in. 
high separates the duplicate sets of bottles. One of 
these containers takes care of two adjacent students. 

A fourth useful piece of equipment is a block holding 
the test tubes, filter tube, and glass rods needed for 
semimicro work. The block is 8'/2 K 2 X 1%/, in. 
Holes, **/:5 in. in diameter, alternating with some 
1/in. ones, are bored to a depth of 1'/, in. along one 
edge. Seven '/:-in. holes occupy the opposite edge, 


189 


i 
TITTT 
| 


190 


while the center is lined with '/,-in. holes forthe glass 
rods. These rods serve as supports for draining or 
drying test tubes and for tamping down the filter 
plugs. This block has proved more convenient than 
the commercial racks. 

Since the individual student needs comparatively 
little equipment, he has more working space. The 
replacement, by the simple but effective filter tube, 
of the bulky filtering apparatus with ring stand, funnels, 
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beakers, etc., is a casein point. The chemicals needed 
are nearly all at his bench, thus reducing trips to the 
dispensary window. This results in the elimination 
of waiting , visiting, and attendant confusion. 

How much time is actually saved has not been 
determined. However, the three-hour laboratory pe 
riod, which was instituted to replace the previous 
four-hour one, has apparently affected neither the 
quantity nor quality of the work. 


© 


DOCTORATES IN CHEMISTRY FROM 


SOUTHERN INSTITUTIONS, 1881-1951 


In 1881 Vanderbilt University awarded a Ph.D. in 
chemistry. So far as the author has been able to 
discover, this was the first doctorate in chemistry 
granted by an institution located in the Southern 
states of Alabama, Arkansas, Florida, Georgia, Louisi- 
ana, Mississippi, North Carolina, South Carolina, 
Tennessee, Texas, and Virginia. There was not 
another until the University of Virginia granted one 
in 1888. The University of North Carolina gave the 
next in 1894. 

The first two decades of the twentieth century saw 
only an occasional degree from these three universities, 
and from Washington and Lee. Soon after World 
War I they were joined by Rice Institute and George 
Peabody College, and at about that time the number of 
degrees given began to increase. Duke and the 
University of Texas entered the field in about 1930, 
the University of Florida and Louisiana State Univer- 
sity in the mid-thirties, and Virginia Polytechnic 
Institute in the early forties. Tulane, the University 
of Tennessee, and Emory granted their first degrees 
after World War II. Other Southern institutions 
now have active programs leading to the Ph.D. degree 
in chemistry but had granted none through 1951. 
North Carolina State College and Washington and Lee 
University no longer offer this degree. 
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A total of 829 degrees has been awarded by all of 
the institutions, with the greatest number in any one 
year being 110 in 1950. The University of Texas, 
with 192, has granted the largest number of degrees, 
while the University of North Carolina, with 24 in 
1950, has the greatest number in a single year. 

The information given in the table was obtained, 
first, from lists of doctors’ dissertations in science that 
have been published annually, with only a few breaks, 
since 1898. Figures from 1934 through 1950 were 
obtained from the 1950 volume of “Doctoral Disserte- 
tions Accepted by American Universities’? (1) and 
references to the sources prior to that period were 
found in the 1934 volume of the same series (2). 
From all of these published reports a preliminary list 
of Ph.D.’s granted in chemistry was prepared for 
each Southern institution. Each list was sent to the 
school in question where it was checked for accuracy 
and completeness, and corrected if necessary. Degrees 
in related fields, including biochemistry, were excluded 
when recognized. In an effort to make the data a 
nearly complete as possible, each State Department 
of Education was asked for names of institutions that 
are now giving, or have ever given, Ph.D.’s in chemistry. 
It is believed that the figures in the table are accurate, 
but it is entirely possible that some degrees, especially 
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Ph.D.’s in Chemistry 1881-1951 
- Institution ~ 
Van- Vir- North Wash. Pea- N.C. Tu- Ten- Em- 

Year derbilt ginia Carolina & Lee Rice body State Duke Texas "te L.S.U. V.PI. lane nessee ory Total 
1916 1 2 ig 3 
1919 1 1 ss 2 
1928 2 4 1 2 9 
1929 3 2 1 4 10 
1930 4 1 2 1 2 1 os 11 
1932 2 2 1 4 1 10 
1933 2 2 3 1 6 18 
1934 8 2 1 3 4 1 23 
1935 6 6 1 1 3 5 1 1 24 
1936 wi 5 6 4 4 4 2 25 
1937 2 5 3 1 ‘es 4 7 1 5 we ~ 28 
1938 1 7 7 she 1 9 1 26 
1939 1 8 7 2 6 12 2 38 
1940 1 5 4 1 5 8 4 28 
1941 3 10 11 4 ee 6 16 2 5 es sin 57 
1942 ae 4 10 1 Sa 3 5 1 2 2 - - 28 
1943 and 6 8 1 _ 2 17 3 3 1 a bis 41 
1944 1 5 3 10 1 1 21 
1945 1 3 5 2 7 7 1 26 
1946 1 7 2 1 5 1 1 18 
1947 1 8 3 i 1 7 5 on 2 os 1 1 29 
1948 1 3 4 2 = 3 11 § 5 ws 1 1 1 33 
1949 1 8 10 1 ‘ 9 17 ‘ies 7 2 1 2 58 
1950 5 9 24 5 6 22 8 6 1 4 10 10 110 
1951 4 10 10 7 ‘ 11 20 4 10 1 5 8 94 
Total 29 147 169 4 38 7 2 99 192 31 54 7 13 22 15 829 
in the early years, have not been included. Any ACKNOWLEDGMENT 


information, especially to correct errors of omission, 
will be welcome. 

The degree granted by Vanderbilt University in 
1881 was earned by John Thomas McGill. Efforts 
to learn Dr. McGill’s dissertation title have so far 
been unsuccessful. At least one, and probably two, 
honorary Ph.D.’s in chemistry were granted prior to 
this. The University of Mississippi awarded Robert 
Hills Loughridge an honorary Ph.D. in chemistry 
in 1877. “American Men of Science” in its first 


edition (3) lists Samuel Anthony Goldschmidt, whose 
field was chemistry, with a Ph.D. from Emory in 
1875. Emory University did not offer an earned 
Ph.D. at that time and records are no longer available, 
but it is believed that the degree was honorary (4). 


The author wishes to express his appreciation for the 
help given by the registrars, chemistry department 
heads, and other university officials who generously 
supplied the needed information. 


LITERATURE CITED 


(1) Trotrer, Arnotp H., anp Martan Harman, Editors, 
“Doctoral Dissertations Accepted by American Universi- 
ties,” No. 17, The H. W. Wilson Co., New York, 1950. 

(2) DonaLp B., Editor, “Doctoral Dissertations 
Accepted by American Universities,” No. 1, The H. 
W. Wilson Co., New York, 1934. 

(3) Catret., J. McKeen, Editor, “American Men of Science,” 
Ist ed., The Science Press, New York, 1906. 

(4) Private communication from Mr. L. L. Clegg, Director of 
Admissions, Emory University. 


FLUORESCENCE 


For educational purposes it is well to have a large 
number of experiments which can be performed before 
a class or can be carried out by the students, to show 
the connection between the theoretical and experimental 
sides of chemistry. In order not to confuse the stu- 
dents unduly, the experiments should be simple and easy 
to perform. The equipment must not be complicated 
and the experiment must work every time. The fol- 
lowing experiments involving fluorescent effects of 
compounds of 8-hydroxyquinoline (oxine) meet these 
requirements. Some of the experiments supplement 
those in “Spot reaction experiments.”’? 

Oxine (I) forms many insoluble metal compounds 
which are used extensively in analytical chemistry.* 
It is a very weak acid because of the slight dissociation 
of the hydrogen of the phenol group. As a result of 
dissociation, its aqueous solution contains the anion (Ia). 


O O H O | | 
H | H 
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Oxine is also a base because it has a pyridine ring. 
The compound is therefore a substituted ammonia. 
Analogous to ammonia, oxine coordinates with protons 
to form substituted ammonium ions (Ib) which are 
usually soluble in water. In its metal salts the metal 
ion associated with the oxygen of the phenol group 
usually forms a coordination bond (valence) with the 
nitrogen of the pyridine ring and a 5-membered ring 
is formed (II). Such compounds are known as inner 
complex salts. The nonionic character of these salts is 
shown by their solubility in many organic solvents, 
especially in chloroform and dioxane. Many of the 
solid oxinates and their solutions are fluorescent in 
ultraviolet light (UVL). The following experiments are 
based on either the formation or quenching of fluores- 
cent oxinates. 


FORMATION OF FLUORESCENT METAL OXINATES 


Experiments A to D show that the same fluorescent 
metal oxinate can be formed by a number of differ- 
ent methods. 


1On sabbatical leave from the University of Minnesota, 
Minneapolis, Minn., during the academic year 1948-9. 

2? Feria, F., J. Cuem. Epuc., 20, 137, 174, 240, 298, 300 (1943); 
21, 294, 347, 479 (1944); 22, 36, 342, 558 (1945). 

3 Wetcuer, F. J., “Organic Reagents,” D. Van Nostrand 
Co., New York, 1947, Vol. I, Chap. XIII, p. 264-343. 
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surfa 
A. From Solutions. Place a drop each of an acidi- hy 
fied solution of an aluminum salt and an alcoholic solu- appr 
tion of oxine on a piece of quantitative filter paper, pre- The 
viously viewed in the UVL, and re-examine its appear- oxine 
ance in the UVL. There is no visible change. Now | , po 
place the spot over a vessel containing ammonia and ion ¢ 
again examine in the UVL. A strong yellow-green the 
fluorescence develops owing to the formation of alumi- J jeay, 
num oxinate as a result of the neutralization of the § ing t 
acidity by ammonia. Drop water on the spot to re 
move the excess of ammonia and ammonium salts and § DIFF 
hold the “spot” for some time over a vessel containing Tl 
glacial acetic acid. An examination in the UVL shows § gitte 
that the fluorescence persists. com} 
Repeat the experiment usinga solution of a magnesium § ging, 
or calcuim salt. The only difference in the behavior is J mag: 
that the fluorescence of the magnesium or calcium oxi- Fat 
nate is destroyed by the vapors of acetic acid. This § yin, 
experiment shows that the pH plays an important part § giffe 
in the formation and solution of oxinates. In general J pang 
the analytical preparation of oxinates is carried out pape 
in an alkaline or slightly acid solution. 20 n 
B. By the Interaction of Two Solids. Separately, pers 
place an excess of the finely divided oxides of aluminum, § gery, 
zinc, Magnesium, zirconium, etc., in one part of a mor F ont 
tar, and in another part a small amount of oxine. § cont 


Examine the contents of the mortar in the UVL. Tl 
No fluorescence is observed. Now grind the mixture 


of oxine and the metallic oxide. In the UVL a strong ia 
fluorescence is observed, the result of the formation § jing | 
of an inner complex metal oxinate. This is a good § the 
example of a reaction between two solids in the ab § yan, 
sence of a solvent.‘ If aluminum oxide and oxine are § ysed 
ground together and the fluorescent product extracted § mat, 
with chloroform, a yellow solution which shows 4§ gurf, 
strong yellow fluorescence in the UVL is obtained. § fy) 
The solution contains aluminum oxinate. The resi § qua 
due is also fluorescent because of the chemical ad-§ wet; 


sorption of oxine on the suface of the aluminum oxide § (jt ¢ 
(alumina). Chemical adsorption will be considered 
further in D. 

C. Ina Melt. Heat about 5 g. of naphthalene to T 


approximately 160°C. in a test tube and then add a§ geri} 
little oxine (20 mg.). Compare the fluorescence of § a re 
the mixture in the UVL with that of the naphthalene. J gurf 


Now add about 0.1 g. of alumina, cool the mixture 
to about 100°, and again observe the UVL. A yellow- 
green fluorescence is noted owing to the formation of i 


4See F., L. I. Mrranpa, H. A. Suter, J. CHEM. 6 
Epvuc., 21, 18-24 (1944). 


APRI 
re 
| 
Va 
: 
re 
% 
- 
= 
: 


init 


_acidi- 
solu- 
pre- 
ppear- 

Now 
ia and 
r-zreen 
alumi- 
of the 
to re- 
ts and 
‘aining 
shows 


1esium 
vior is 
M OXi- 

This 
part 
eneral 
out 


rately, 
Linum, 
4 mor- 
oxine, 
UVL. 
ixture 
strong 
nation 
good 
1e ab- 
ne are 
racted 
OWS 
ained. 
> Tesi- 
al ad- 
oxide 


idered 


ane t0 
add a 
ice of 
alene. 
ixture 
ellow- 
ion of 


CHEM. 


APRIL, 1952 


aluminum oxinate and the chemical adsorption of oxine 
on the surface of the alumina. 

D. By the Interaction of a Vapor and a Solid. Melt 
about 2 g. of oxine in a crucible, invert the cool crucible 
over alumina on a filter paper, and place the apparatus 
in the UVL. From time to time remove the crucible 
and examine the alumina. After a minute or two some 
of the surface begins to fluoresce and finally the whole 
surface fluoresces. When viewed in daylight no change 
in the color of the alumina can be detected; hence, 
the fluorescence cannot be due to the formation of an 
appreciable amount of yellow aluminum oxinate. 
The fluorescence is due to the chemical adsorption of 
oxine on the surface of the alumina. By this process 
a bond between an anion of oxine and one aluminum 
jon on the surface of the alumina forms as shown by 
the general formula, (II). The aluminum ion does not 
leave the lattice, as would be the case if a product hav- 
ing the formula Al(Ox); were formed.*® 


DIFFERENTIATION OF PAPER 


The experiments previously described show some 
different methods of preparing fluorescent metal 
compounds of oxine (oxinates and adsorption products). 
Since many papers contain aluminum, calcium, or 
magnesium compounds as fillers or impurities the for- 
mation of oxinates, fluorescent metal compounds of 
oxine, can be used to test papers. For example the 
difference between qualitative and quantitative filter 
paper can be shown by spotting pieces of the respective 
papers with a chloroform solution of oxine (10.5 mg./ 
20 ml.). After the chloroform has evaporated, the pa- 
pers, which show no change in ordinary light, are ob- 
served in UVL. Since the qualitative filter paper 
contains calcium, magnesium, etc., the spot is fluores- 
cent. The spot on quantitative paper shows no change. 

The formation of fluorescent metal compounds in pa- 
per can also be carried out by the method described in 
experiment D; 7. e., by inverting the crucible contain- 
ing a layer of previously melted oxine on a piece of 
the paper. After some time the area exposed to the 
vapor becomes fluorescent if qualitative paper was 
used. This experiment also shows that finely dispersed 
material reacts very rapidly on account of the large 
surface. Besides, it shows the high sensitivity of 
fluorescence reactions. The total ash of a 9-cm. 
qualitative paper is about a milligram. If the area 
wetted by a drop of a solution of oxine is 30 mm.? 
(it can be smaller), the fluorescent product must have 
been formed by the reaction of less than 10-* mg. of 
the metals. 

The formation of the fluorescent products just de- 
scribed is an example of a topochemical reaction, 7. e., 
a reaction which occurs in a well-defined area on the 
surface of a solid. 


5 Feia., F., Anal. Chem., 21, 1310 (1949); ‘Specific Selective 
Sensitive Reactions,” Academic Press, Inc., New York, 1949, 
pp. 547-67. 

F., G. B. Hetsia, Anal. Chim. Acta, 3, 561-6 
9). 
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INFLUENCE OF DISSOCIATION 

The fluorescence of water-insoluble metal oxinates 
persists in their solutions in organic solvents in which 
the oxinates are dispersed as molecules. However 
this is not true of the fluorescence of the salts. of oxine 
which ionize extensively when they dissolve. These 
are the water soluble salts of oxine with the alkali 
metals and with acids. This is seen from the following 
experiment: Place a drop of a solution of oxine in dilute 
hydrochloric acid on a quantitative filter paper and 
view the spot in the UVL. No fluorescence can be 
observed. Heat the spot until it is dry and again exam- 
ine the paper in the UVL. A green fluorescence is 
observed, due to the solid hydrochoride of oxine formed. 
If the dried paper is held over boiling water for a short 
time, the fluorescence disappears because the solid 
hydrochloride dissolves in the water from the conden- 
sation of the steam. The process of drying and hydrat- 
ing can be repeated a number of times. 

Repeat using a drop of a dilute solution of an alkali 
oxinate prepared by shaking oxine with dilute potassium 
or sodium hydroxide. 

The connection between fluorescence and dissocia- 
tion of oxinates can be shown by the following experi- 
ment: Place 5g. of the crystalline salt of trichloroacetic 
acid and oxine in a test tube and note that it shows 
a strong brownish yellow fluorescence in the UVL. 
Heat the salt carefully until it just melts (about 130°) 
and note that the melt is not fluorescent in the UVL. 
Now cool the melt until crystals form and note that in 
the UVL the solid again shows a strong brownish yellow 
fluorescence. The process can be repeated. 

Instead of using the pure salt, the experiment can 
be carried out by adding a little oxine (m. p. 75-76°) 
to an excess of molten trichloroacetic acid (m.p. 57°). 
The melt is not fluorescent in the UVL. On cooling, 
a mixture of crystals of the salt and the acid forms. 
The crystalline mass is fluorescent. 

The non-fluorescence of the melt may be due to the 
dissociation of the salt into either ionic or molecular 
products. The pure yellow crystalline salt of tri- 
chloroacetic acid and oxine can be prepared by mixing 
concentrated equimolecular alcoholic solutions of 
oxine and trichloroacetic acid, precipitating the salt 
by the addition of ether, and washing it with ether. 

These experiments clearly show the interesting fact 
that fluorescence may be connected with the dissociation 
of a compound and therefore with its solid or dissolved 
state. 


PREPARATION OF A FLUORESCENT SOL 


A classic condensation method of preparing a sol 
is based on the change of the dispersion medium. 
For example, if a solution of a substance A in a liquid 
zx is dropped into a liquid y which is miscible with x but 
which is not a solvent for A, a condensation of A occurs, 
and a sol is formed which may or may not be stable. 
This method can be used to prepare a fluorescent sol 
of aluminum oxinate in water (hydroso!). A solution 
of aluminum oxinate in dioxane (the cyclic ether of 


i 
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ethylene glycol) is prepared by dissolving the oxinate 
in hot dioxane and filtering the cold solution. This 
solution is added dropwise to water and the mixture 
stirred. No change in the appearance of the system 
is observed in ordinary light; however, when viewed 
in the UVL, the liquid is fluorescent. The sol thus 
prepared is quite stable. It shows the well-known 
Tyndall effect. If the mixture is not stirred after the 
addition of the dioxane solution to the water the diffu- 
sion of the aluminum oxinate can be seen in the UVL. 
It seems that the method described is a general one 
for preparing fluorescent hydrosols of oxinates. Per- 
haps it is also a general method of preparing sols of 
other inner complex salts. 


PREPARATION OF A FLUORESCENT AEROSOL 


Aerosols are colloidal systems in which particles of 
colloidal size are suspended in air. A fluorescent aero- 
sol can be obtained by spraying, from a nasal atomizer, 
about 8 ml. of a saturated ether solution of aluminum 
oxinate containing a drop of a light lubricating oil into 
an inverted liter beaker. Hold the inverted beaker 
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above a 2-liter beaker. Incline the inverted beaker 
so that the droplets from the spray strike the walls 
and are retained in the beaker. The heavy ether vapor 
in which the sol is suspended flows into the 2-lite 
beaker. Place the beaker on a white nonfluorescent 
paper and note the yellow fluorescence of the gas in the 
beaker when illuminated by UVL. The fluorescence 
can be removed by displacing the gas in the beaker, 
The aerosol can also be made by spraying a chloroform 
solution of aluminum oxinate containing a little mineral 
oil and Freon 12 from a small hole in the valve of a tank, 

The oxinate is not very soluble in Freon 12. An 
aluminum oxinate aerosol can be obtained by spraying 
a chloroform solution from a spray gun used for mos. 
quito repellant. 
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INDUSTRY 


Very few books on the chemical industry mention 
the steam engine, and very few writers on the steam 
engine appear to be interested in chemistry. Yet 
the steam engine and the chemical industry developed 
side by side and many famous personalities that occur 
in the one story also feature in the other. 

One can start as far back as Robert Boyle, who 
was assisted for some time in his famous work on 
pumps by one Denis Papin, a former assistant of the 
Dutch astronomer Christiaan Huyghens. Under 
Boyle’s guidance Papin developed a steam engine 
in the form of a cylinder and piston. The cylinder 
held some water, which, on applying heat externally, 
boiled and drove the piston to the top of the cylinder, 
where it was held by a catch. On cooling the cylinder 
and releasing the catch, the piston was sucked down 
again and useful work could be performed on both 
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strokes. Although Papin’s model was only a toy 
with a diameter of 2'/sin. he was aware of its impor- 
tance and described it in 1690 as a ‘‘new method of 
obtaining very great moving powers at small cost.” 
Thus we see that in the workrooms of Robert Boyle, 
often described as “the father of chemistry,” was 
also born the embryo steam engine. 

Fifty years later the first chemical factory was built 
in England by Dr. John Roebuck, who introduced 
the use of lead chambers for the manufacture of 
sulfuric acid. Not enough is known of this energetic 
industrialist, probably because he finally went bank- 
rupt, but not before he had succeeded in quite a number 
of major enterprises. His sulfuric acid factory seems 


to have paid its way, and he bought some coal mines in 
Scotland with the proceeds and began setting up the 
Carron Ironworks, the first of their kind in Scotland. 
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His coal mines were unfortunately flooded and he 
set about looking for a powerful pump to make them 
workable again. Newcomen (1663-1729) had succeeded 
in constructing a steam engine that really would pump 
the water out of deep mines, using Papin’s principle 
of a cylinder and piston, and engines had been built 
on his design since 1712. Roebuck was, however, 
introduced to a young instrument maker, named 
James Watt, who had invented a method for econo- 
mizing on the coal consumption of the Newcomenengine. 
Watt had been financed by Professor Black of Edin- 
durgh University to the tune of £1,200 but Roebuck 
bought out Black in return for a two-thirds share in 
Watt’s patent of 1769. Watt failed to solve Roebuck’s 
problem and the latter’s many commitments finally 
proved too much for him and he was forced into bank- 
ruptcy by his creditors. These were so unimagina- 
tive that they attached no importance to the two- 
thirds share in Watt’s patent and were quite pleased 
to allow it to pass over to Matthew Boulton for the 
£1,200 that Roebuck had paid for it. 

Boulton was a successful Birmingham manufacturer 
who was inspired with the possibilities of the new 
industrialism. He immediately said that he would 
only take part in a scheme “to serve all the world 
with engines of all sizes. It would not be worth my 
while to make for three countries only, but I find it very 
much worth my while to make for all the world.” 
The combination of Watt’s engineering genius and 
Boulton’s business acumen proved highly successful 
and for 25 years the firm of Boulton & Watt held un- 
disputed sway, selling engines to all Europe. 

During a visit to France in 1786, Watt met the French 
chemist Berthollet and was shown around his laboratery. 
One experiment carried out to entertain the distin- 
guished visitor was the effect of the newly discovered 
“chlorine” on cloth, which was rapidly bleached. As 
soon as Watt returned home he tried out the process 
on a large scale in the bleaching yards of his father-in- 
law, Macgregor. The new process was found to bleach 
in a few hours material that previously had to be left 
in the open air for months. In this way James Watt 
initiated the chlorine industry, still one of the main 
pillars of the chemical industry. 

So far we have dealt largely with the practical men 
who built the steam engine and also developed the 
chemical industry in England. But among the men 
who are famous for their theoretical work there are 
also found many who shed light on the problems 
of both. Lavoisier, who finally disproved the phlogis- 
ton theory and helped to set out the theoretical basis 
of modern chemistry, also did some valuable research 
on the relation between heat and work. Joseph Black, 
whom we have already referred to, carried out some 
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fundamental researches on the alkaline earths which 
helped to elucidate the nature of acids and alkalies 
and their salts. He also discovered the phenomenon 
of latent heat and was therefore able to help James 
Watt in understanding some of the processes of the 
steam engine. 

But the most important point where the theoretical 
aspects of chemistry and the steam engine meet is 
in the fact that the elderly John Dalton was tutor to 
James Prescott Joule. Little is known of this relation- 
ship except that Dalton insisted that his pupils be 
grounded in mathematics before starting any chemistry, 
and that Joule relates that Dalton seemed attached 
to his brother and himself. Yet there are so many 
similarities in their work that it is hard to believe 
that Dalton did not have a powerful influence on his 
young pupil. Both men deduced far-reaching generali- 
zations from a few quantitative measurements com- 
bined with a religious belief in the ultimate simplicity 
of nature. Joule’s immediate confidence in his own 
work, which he started publishing at 19, shows a faith, 
almost certainly inspired by Dalton, in the possibility 
of learning Nature’s laws by direct experimentation 
and quantitative measurements. The guiding theo- 
retical principle for both of them was their belief in 
the permanence of a world created by God. Thus 
Dalton wrote: 


No new creation or destruction of matter is within the reach 
of chemical agency. We might as well attempt to introduce a 
new planet into the solar system, or to annihilate one already in 
existence, as to create or destroy a particle of hydrogen. 


A generation later Joule wrote: 


I shall lose no time in repeating and extending these experi- 
ments, being satisfied that the grand agents of Nature are, by 
the Creator’s fiat, indestructible; and that wherever mechanical 
force is expended, an exact equivalent of heat is always obtained. 


Joule’s early work was designed to discover whether 
electromagnetic machines could ever compete with 
steam engines and his discovery of the mechanical 
equivalent of heat laid the foundation for a scientific 
study of all power engines. This can only be compared in 
importance with Dalton’s atomic theory which has 
enabled the chemical industry to build on such a firm 
basis. 

Enough has been said to show that in their initiation 
and development the two problems of the production 
of power and the production of powerful chemicals have 
interested and been solved by the same group of people. 
This close relationship has continued to the present 
day, when most power plants still derive their energy 
from a chemical reaction and, in the important electro- 
chemical industries, an increasing number of chemicals 
are produced by electric power. 
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THE STUDENT AFFILIATE SECTION AT THE 
UNIVERSITY OF FLORIDA 


Ir was realized early in the history of our organization 
that no group can expect continuous growth unless it 
is capable of making proved contributions to the ad- 
vancement of its members. The social aspects of a 
student professional organization, however real, are no 
match for the many competing social activities of a 
university campus. It therefore seems evident that 
the activities of a Student Affiliate Section should be 
directed to the question, ‘What can the group do for 
the individual?”’ 

The section at the University of Florida has con- 
sciously centered its activities upon that question and 
has evolved a number of approaches. The encourage- 
ment of contact with university staff members in the 
routine conduct of section business is perhaps the most 
elementary of these approaches. Wherever possible, 
the members have been encouraged to make personal 
contact with deans, department heads, and staff members 
to develop assurance in dealing with relatively impor- 
tant persons—a quality valuable in job interviews and 
in the activities of professional life. In many instances 
direct personal relationships are not possible and the 
transaction may involve telephone or written communi- 
cation. The latter provides excellent training in the 
composition of a good business letter and sometimes 
practice in dictation. 

Communication with the officials of industry and 
direct conversation with industrial representatives pro- 
vides a similar opportunity for the development of 
poise in business relationships, and when directed 
toward the invitation of speakers, it provides the group 
with first-hand information regarding industrial develop- 
ments and problems and establishes contacts that will 
have value in the placement of students. 

Such student-initiated contacts have provided the 
University of Florida with a wealth of highly interesting 
program material ranging from pure science to person- 
nel problems and patent law. The present year, for 
example, will include programs. by representatives of 
the Tennessee Eastman Corporation, the U. 8S. Food 
and Drug Administration, the Union Carbide and 
Carbon Corporation, and the Oak Ridge Institute of 
Nuclear Studies as well as talks by local authorities. 
The wide general nature of such meetings and the 
excellence of the talks has attracted the interest of a 
wide variety of University and town groups and the 
meetings are therefore usually well attended—so well 
attended in fact, that the basic intent of establishment 
of contact with student and speaker could well be lost. 
For this reason, the large general meeting is usually pre- 
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ceded by a business meeting restricted to members and 
the guest speaker, so that the students and speaker may 
meet informally. It has been pleasant to note the 
development of an understanding of industrial and 
governmental personalities and to see a natural feeling 
of awe give way to one of respectful ease. But whether 
or not such preliminary meetings can be held, the infor- 
mal note is encouraged, we believe, by our practice of 
serving refreshments whenever practicable. 

One of our programs each year is purely social and is 
timed to coincide with the annual membership drive 
and the Christmas season. It is intended that this 
year’s program will include a chemical magic show to be 
followed by refreshments and square dancing. A second 
nonstandard type of meeting is purely student-con- 
ducted and includes papers on recent chemical develop- 
ments and undergraduate research projects. The report 
on undergraduate research, if of sufficient importance, 
may be repeated later at a local or national meeting of 
the American Chemical Society. 

Naturally the number of reports on undergraduate 
research is limited. Undergraduate research, unless 
offered for credit, must be performed voluntarily and 
in addition to the normal student load. Progress is 
therefore proportionately slow and the student may 
become discouraged unless he is supported by a staff 
member. 

However, such student investigations are eminently 
worth while and have been encouraged by this Affiliate 
Section. The past several years have resulted in the 
production of three published undergraduate papers and 
several more have either been accepted or are in process 
of preparation. 

No type of chemical activity is quite as effective as 
research for giving the student a feeling of participation 
in a great science, simple as his project may be. Further, 
no other activity at the undergraduate level can approxi- 
mate the number of library skills and laboratory tech- 
niques acquired under the forced draft of research. 

To be sure, all undergraduate students would not be 
qualified to undertake an extended research program but 
many simple projects are readily available for the 
ambitious student. The formation of new compounds 
offers an attractive prospect, and even such a simple 
program may result in a publication. Other simple 
projects appear from time to time. One member of the 
Florida Section recently completed a rather simple 
proof of structure requested by a referee on a previously 
submitted paper. 

Thus far, this paper has amplified the primary purpose 
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of the group—the role of the Affiliate in the advance- 
ment of the individual. It is unnatural to focus atten- 
tion entirely upon receipt of values and it should be 
noted that the members of the University of Florida 
Section have been most generous in serving the Univer- 
sity. One of the early contributions of the group—the 
advancement of the safety and accident-prevention 
program—developed as a result of a desire to be of 
service. Such a program has applicability in any school 
and members of the Student Affiliate can be of enormous 
service in this regard. Among other services, the 
members may compile a list of the numerous unsuspected 
hazards reported from time to time in Chemical and 
Engineering News and similar journals. 

The creation and maintenance of first-aid facilities 
is a project likewise well adapted to the talents of the 
undergraduate. The members of the University of 
Florida Section recently completed about 35 first-aid 
kits at nominal cost. The material of each kit was con- 
tained in a small aluminum box obtained from Navy 
surplus. 

At present, the section is engaged in another safety 
project—the assembly of safety shields for vacuum 
desiccators. The shields are simple, hinged, wooden 
boxes, the parts of which will be prepared by the Univer- 
sity carpenter shop. It is expected that the parts can 
be assembled in an afternoon. 

The use of the radio in the dissemination of general 
chemical information provides another means of service. 
In the past, the members of the Affiliate Section have 
presented a variety of broadcasts and it has enjoyed 
the complete cooperation of a local radio station. This 
year the group will extend its efforts to television and a 
program tentatively identified as “The Magic of Chem- 
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istry” is in preparation as a cooperative effort of the 
Student Affiliates and membersof GammaSigma Epsilon. 
Recently, the Affiliates performed a broadcast service 


of quite a different nature. Certain tasks and assistance 
rendered by the group permitted the broadcast of a 
program by the Gainesville Bach Society and the aid of 
the group was publicly acknowledged by the radio 
station. 

Another project, now in progress, has a three-fold 
purpose in establishing contact with industry: obtain- 
ing speakers, facilitating the hiring of University of 
Florida graduates, and the acquisition of a set of exhibits. 

One other service aspect of the University of Florida 
group—the public recognition and reward of service— 
has attracted some attention. Two such awards are 
made annually. One is given to an outstanding student 
and the other is awarded to a staff member who the 
students feel has made a significant contribution to the 
advance of the department. The award to the student 
may take the form of a membership in some society, 
books, etc. The faculty member is awarded an engraved 
certificate and staff members who have received such an 
award regard it as a signal honor. 

Inasmuch as the senior author is the present sponsor 
of the group, it is perhaps fitting that this paper should 
conclude with his concept of the sponsor’s role. Ideally, 
the sponsor should be an adviser and moderator, allow- 
ing the students full rein in the development of their 
initiative. Practically, it may be advisable occasionally 
that he should assist in the conception and execution 
of plans. Such assistance, if dictatorial, will defeat 
the purpose. If given in the spirit of a friend and 
fellow member, it should not fail to produce coopera- 
tion. 


THE use of gas dispersing tubes is convenient to provide 
intimate contact between a gas and a liquid. We 
have frequently found, however, that commercially 
available sintered glass dispersers have not been avail- 
able in the sizes and shapes we have desired. 

A good gas disperser can be readily made by sealing 
a piece of coarsely porous ceramic material into glass 
tubes of any desired size or shape. The most conven- 
ient material is a section of a “Hengar Tube” (such as 


A SIMPLE GAS DISPERSING TUBE 
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are used in Kjeldahl determinations). The tubes are 
obtainable from the Hengar Company, Philadelphia. 
The sections may be readily ground to the desired 
shape on a carborundum wheel. The piece is then 
sealed into pyrex glass using thin pyrex rod to seal 
the glass-ceramic joint. The dispersers appear to be 
quite sturdy, and may be made in about 30 minutes 
by someone moderately familiar with glass manipula- 
tion. 


A PROCEDURE FOR SOLVING EQUILIBRIUM 


PROBLEMS' 


As cenzratty presented, the solution of simple equi- 
librium problems is straightforward and uncomplicated. 
First, one writes the chemical equation, listing all the 
substances involved and their respective concentra- 
tions; the equilibrium expression is written next; finally, 
one introduces particular values for the concentrations 
and the equilibrium constant, K.q, for the given system, 
and solves the resulting mathematical equation for 
the desired quantity. When problems arise which 
involve hydrolysis of salts of weak acids or bases, as 
in Example I, the student is generally taught to recog- 
nize them as a specific type, and in solving them to 
use a special “short-cut”? method since values for 
K., (or Ku) are not listed in tables. 

Example I: What is the concentration of OH~ in 0.01 M sodium 

acetate? 


Substances 
Concentrations 


Ac~ + H.0 = HAc + OH- 
0.01 —y y y 
“a [Ac~][H20] 
_ [HAc}[OH-] 
[Ac~] 
At this point, the student may be shown that by a 
simple mathematical artifice, that is, by inserting 
{H+] in both numerator and denominator of the right- 
hand term of the expression for Ky (equivalent to 
multiplying the right-hand side of the equation by 
unity), and then collecting terms, 
[HAc}[OH-] [H*] 
{H*] 
[HAc] 1 
= [OH H*] = X Kw K, 
he can obtain an expression, Ky = Kw/Ka, that is 
easily remembered, easily evaluated, and easily used. 
Kw _ [HAc}[(OH-] _ Xy 
Ka Ac~ (0.01 — y) 
1.85 X ~ 0.01 
y = (OH-] = 2.3 X 10-°M 


Unfortunately, what the student is not shown is 
(1) that what he has done involves the fundamental 
principles of equilibrium systems; and (2) that what 
he has done here for hydrolysis systems can be ex- 
tended widely to more complicated types of problems 
involving several co-existing equilibrium systems. 


1Presented at the 118th Meeting of the American Chemical 
Society, Chicago, September, 1950. 


Keq{H20] = Ku 


Ku 


Ku 0.01 


ROBERT NEILSON BOYD 
Washington Square College, New York University, 
New York, New York 


In brief, the subscript in Ku is emphasized too strongly; 
the uniqueness of its character is nonexistent, for it 
is still essentially K., for the reaction as written, 

It is fundamental that if several systems are in- 
volved in one over-all system, and that if the total 
system is in equilibrium, then the several systems are 
at equilibrium, individually and collectively. The 
mathematical trick of introducing [H+] was far more 
than a convenient device; it implied that two individual 
systems, water and acetic acid, are combined into one 
equilibrium. Furthermore, it can be made into a 
rational procedure; for it ought to appear reasonable 
to the student that if the only equilibrium expression 
involving hydroxide ion that he can think of as being 
applicable at this point is Kw, then he probabiy ought 
to bring it into the calculation. This he can do by 
introducing the symbol, [H+], to give [H+] [OH-]; 
but having done so in the numerator, he is required to 
introduce it also into the denominator, and the term for 
Kz, is thereby automatically obtained. This procedure 
has the advantage, moreover, of direct application to 
problems which can prove extremely tedious in solution, 
with many chances for errors, or which may even appear 
under the best of conditions to be unsolvable without 
extreme effort. It is the chief purpose of this paper 
to demonstrate the validity of this extension by the 
use of a variety of illustrations. 

For instance, a common problem that is encountered 
in elementary courses involves a complex ion and an 
insoluble solid, as in Example II. 


Example IIT: What concentration of aqueous ammonia will be 
required to dissolve 0.001 mol of AgCl per liter of solution? 


Usually the student is told first of all to write the | 
equation for the reaction: 


AgCl + 2NH; = Ag(NH;).* + Cl- 


0.001 0.001 


Then he is expected to see that two equilibria are 
involved: 


AgCl = Ag* + Cl- Ky = [Ag*][Cl-] 


[Ag*][NHs]? 


[Ag(NH3)2*] 


Since he knows that the [Cl~] is to be 0.001 M, he is 
then instructed to calculate the [Ag+] from the first } 
of these; 


Ag(NH;)2+ = Ag* + 2NH; Kinstad = 


Ky = [Ag*}[Cl-] 
1.56 X = [Ag*] (.001) 
[Ag+] = 1.56 X 10-7 M 
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and then to insert this value into the equilibrium 
expression for the complex ion in order to obtain the 
value for [NHs], since the [Ag*] will be the same for 


both equilibria. The value so obtained is 2.1 X 10-7 M. 
= 
6.8 X 10-§ = (1.56 X 10-7)[NHs]? 
(0.001) 


[NH;]* = 4.4 X 10-4 
[NH;] = 2.1 X 10-7? M 


This procedure of an intermediate calculation in- 
volving an ion common to both equilibria was avoided 
in the hydrolysis case. If it could be avoided there, 
it should be unnecessary in this instance, as well. 
Therefore, let us begin over again. First, write the 
chemical equation, together with the concentrations 
of the various components: 


Substances AgCl + 2NH; = Ag(NH;).+ + Cl~ 
Concentrations 0.001 0.001 
then the equilibrium expression for the reaction 


Keq = 


Now, it is necessary to evaluate K., (just as it was 
previously necessary to evaluate Ku), and this can be 
done by considering what equilibria are involved and 
what equilibrium expressions are therefore available 
for use. Obviously [Cl-] must be connected to the 
K,, for AgCl, so the term [Ag+] may be introduced in 
the numerator in order to make explicit this relationship 
of [Ag+] and [Cl-]; but this requires that [Ag*] 
be put into the denominator, as well, and examination 
of the resulting equation shows that the other equilib- 
rium system, as represented by Kinsta, has now be- 
come apparent, too. 


| [Ag*] 
K.. = 1.56 X 
ea 6.8 X 1078 


The solution of the problem is a routine matter from 
this point: 
1.56 X 10-” 
6.8 X 10-8 
[NH3]* = 4.4 X 10-4 
[NH;] = 2.1 X 10-7 M 


_ (0.001)(0.001) 
(NH3}? 


Keq = 


Only one computation is necessary, limiting the chances 
for errors; the two equilibria are involved in a very 
direct fashion; and, what is more important, they are 
brought in together, as they should be. 

Example III shows how the procedure may be 
applied to a problem involving two bases, one of which 
is an insoluble substance. 

Example III: A solution is 0.01 M in Mg** and 0.05 A 


NH.Cl. At what concentration of NH,OH will SE(OH), 
begin to precipitate? 
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Substances Mg++ + 2NH,OH = Mg(OH), + 2NH,* 
Concentrations 0.01 0.05 


[NH,OH]?(Mg**] 
Here K., is evaluated by introducing [OH-]?, which 
enables the separations of the two factors, Ks? and 
1/K,, that represent the major equilibria of the system. 
[NH,*]? (OH-}? [NH,*]*(OH~}? 


Kea = ~ [NH,OH]? 


1 
—5)2 
(1.8 X_10~5)? = (0.05)? 
1.5 X 10-4 [NH,OH }? (0.01) 
[NH,OH]? = 11.6 X 10-? = 1.2 X 107? 
[NH,OH] & 1.1 X 10-? = 0.11 M 


It is no longer necessary to calculate the [OH~] needed 
to precipitate Mg(OH)s, and then use this to calculate 
the [NH,OH], according to the generally employed 
method; instead, since the [OH~—] is the same for the 
separate equilibria, it can be employed as shown to 
enable the immediate use of both equilibrium constants, 
simultaneously rather than one at a time. 

Two insoluble solids can be handled easily, as 
Example IV shows. 
Example IV: Solid AgCl is added to a 0.1 M KBr solution. 


What is the ratio of the [Cl—-] to the [Br~] in the solution 
when ee is reached? 


+ AgCl = AgBr + Cl- 
Kea [Cl] (Cl-] [Ag*] _ (for AgCl) 
[Agt} K,, (for AgBr) 
7.2 X ~ [Br=] 


There is no need to calculate [Ag*], and then [Cl~], 
finally securing the ratio of [Cl—] to [Br~] by another 
step, when one operation is sufficient. Furthermore, 
it becomes obvious that the ratio will be the same 
whatever the starting concentration of Br~ (or of Cl-, 
for that matter), and the figure of 203 as an equilibrium 
constant signifies a great deal more than a value for 
a mere ratio of two ionic concentrations. 

Another important group of problems deals with 
precipitations by H.S. Examples V and VI are typical 
of these, and they also demonstrate the ease with which 
such problems can be solved. 


i le V: What concentration of Cd*+* can exist in 0.3 M 
Cl saturated with H,S? 


Cd++ + H,S = CdS + 2H* 


1.1 X 


The choice of [S~—] as the operating factor is an obvious 
one because of the need for involving [Cd+*] [S--] 
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as well as the hydrogen sulfide equilibrium. Ky. can 
be used here for H2S as in all cases where [H+] and 
[S-—] are not dependent solely upon the ionization of 
the HS. Remembering that a saturated solution 
of HS is about 0.1 M, and that practically none of 
the hydrogen ion comes from its ionization, 


_ (0.3)? 
Ll X 10° = 


[Cd+*+] = 82 X 107M 


Example VI: Calculate the minimum [H*] necessary to prevent 
recipitation of ZnS when a solution which is 0.01 M in Znt++ 
is saturated with H,S. 


Zn*+*+ + HS = ZnS + 2Ht+ 


0.01 0.1 
TES] ™ fan 
1.2 X 10-73 (0.01)(0.1) 
{H*]? = 92 x 10-4 


= 9.6 X 107M =01M 


Many problems concerning amphoteric substances 
can be handled in the same fashion. Example VII is a 
good illustration. 


Example VII: How many mols of Zn(OH); can be dissolved by 
one liter of 0.1 4 NaOH? 


Substances Zn(OH), + 20OH- = ZnO.-- + 2H:0 
Concentrations 0.1 — 2z 
- _ (Zn0.-~] 
Kea = OH-}? 
_ (H*]}? _ (H*}?[Zn0.-—] 
1X10- 
Kea = Kat 10" 
Ka = = 


Neglecting 2x as compared to 0.1 gives 
z = [ZnO.-~] = 10-3 


or 10-* mols of Zn(OH)e per liter. 

The power of the proposed method becomes greater 
the larger the number of separate equilibria which make 
up the over-all reaction. Some of the most striking 
examples include oxidation and reduction systems, 
such as are found in Examples VIII and IX. 


Example VIIT: Use equilibrium to show that CuS can 
be separated oom igs by dilute nitric acid. The products 
are Cu**, S, and NO 
3CuS + 2NO;- + sH+ = 3Cutt + 3S + 2NO + 4H.0 
Kea [Cut*}*[NO} 
~ 


When oxidation-reduction equilibria are of importance, 
it is frequently convenient to mention explicitly all 
substances that are part of the system, whether solid, 
liquid, or gas, in order to facilitate the choice of the 
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proper equilibrium constants. In the case at hand, 
CuS, 8, and H;O would be included. 


[Cu**]*[S]*{NO }?[H20]* 


The equilibrium constant then can be evaluated by 
involving the separate equilibrium constants for Cu§, 
the oxidation of S~~ to 8, and the reduction of NO,- 
to NO. This is done by introducing [S~~—]* in the 
numerator to complete the expression for the K,, of 
CuS; the necessary introduction of the same term in 
the denominator completes the constant, [S]/[S~~], for 
the oxidation of S~~- to S. The expression for the 
reduction of NO;~ to NO is already complete. 
[NO}[H:0}* 


++][Q-- 
= cast) * 
Inserting the known values for the various terms gives 
Keq = (3.5 X X (1.6 X 1017)? (1048)? 
or in exponentials which are easier to handle, 
Keq = = 1035.7 10% 


Keq = 


Kea x 


This high value for K., indicates that the equilibrium 
point of the reaction as written lies far to the right 
in the direction of the oxidation of the sulfide. If 
a concentration of unity is assigned to NO, NO3;~, and 
H*, the equilibrium concentration of cupric ion would 
be 10 M. 

Of course, two of the equilibria, namely those in- 
volving CuS and the oxidation of S~-, can be combined 
by means of available oxidation-reduction potential 
values, and when this is added to the NO;~/NO 
half-reaction, 
3(CuS = Cut++S + 2e-) 
2(NO;- + 4H* + 3e— = NO + 2H,0) 
3CuS + 2NO;- 


E° = —0.60 volt 
E° = +0.96 volt 
+ 8H* = 3Cut+*+ + 38 + 4H,0 

= +0.36 volt 


an e. m. f. of +0.36 volt for the over-all reaction of 
oxidation of CuS is obtained. This gives a K.q of 
approximately 10% in agreement with the previous 
value. (For Hg§S, the potential value of —1.05 volt 
leads to a K., of 10~*, an indication that HgS will not 
be nearly so readily oxidized by dilute nitric acid as 
is CuS.) 

It must be recognized that the calculations are 
valid only in the range of concentrations where the 
law of Mass Action holds, that the values are given only 
for 25°C., and that no account can be taken of the 
speed with which equilibrium will be reached. But 
for qualitative purposes, the calculations are helpful 
in indicating the possibilities inherent in a chemical 
procedure. 

Example IX: Show uilibrium considerations the feasibility 
of a qualitative procedure which calls for the dissolving of 


Hg§S by bromine, the products being S, Br~, and a complex ion 
of mercury, HgBr.--. 


HgS + Br. + 2Br- 


= HgBr,-- + S 


But 
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This problem, too, can be studied from the standpoint 
of the various equilibria which are involved: (1) the 
formation of the complex ion, HgBr,-~; (2) the re- 
duction of Bre to Br~; (3) K,, for HgS; and (4) the 
oxidation of S~- to S. In order to complete the 
expression for the complex ion, one must introduce 
into the denominator of K., not only the symbol 
[Hg*+] but also the symbol [Br~]?. 

1 x 1 {HgBr,—~] 1 
[Br~]? [Hg**] [Br-}*  [Hg**][Br-]* Kinstab 
Since these terms must also go into the numerator, 

K., becomes 


Ke 


K.. = 7] [He**] _1 


But [Br~]?/[Bre] is Kreacx for Bre, hence 
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Ka = 


1 
X Kredox (for X [Hes] 
Now the introduction of [S~~] into the numerator 
gives the K,, for HgS, while its necessarily simultaneous 
introduction into the denominator completes an ex- 
pression for the oxidation of S~~. 


| om x Kredox (for Bre) x [Hes] x 
X Kreaox (for Brs) X Kep X Keeaox (for S~~) 
1 
= X x x 10" 
Keq 10% 


Even though this value certainly cannot be exact for 
the reaction as it is run, it probably gives the right 
order of magnitude and certainly a reasonable location 
for the point of equilibrium—a result which would be 
extremely difficult, if not impossible, for an elementary 
student to secure by ordinary calculation procedures. 


Auserr PorTEVIN, whose publications and accom- 
plishments have made his name familiar to metallur- 
gists and metal chemists in all parts of the civilized 
world, was born at Paris on November 1, 1880. He 
graduated from the Ecole centrale des Arts et Man- 
ufactures in 1902. He entered the metallurgical 
industry as head of the laboratory of La Bonneville 
and the De Dion-Bouton works. In 1912 he was 
brought back to his alma mater as chef de travauz, 7. e., 
as supervisor of the laboratory work. He was advanced 
to assistant professor in 1925 and to full professor in 
1939, a post he planned to relinquish in November 1951. 
From 1924 he was also professor (later director) at the 
Ecole supérieure de Fonderie and likewise at the Ecole 
supérieure de Soudure autogéne. 

He is or has been consulting engineer to the largest 
metallurgical corporations in France: Société d’Electro- 
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chimie et des Aciéries électriques d’ Ugine, Fonderies 
de St. Nazaires et Forges de Montoir, the Aciéries d’ 
Ougrée, the Société de la Chaléassiére, the Compagnie 
de St. Gobain, the Société Rateau, the Usines Chenard 
et Walcker, the Aciéries de Pompey, etc. 

He has been Secretary General, Vice-president, and 
President of the Revue de Metallurgie, President of the 
Société de Minéralogie (1949) and President of the 
Société chimique de France (1950). He has been 
successively Chevalier, Officier and Commandeur of the 
Legion of Honor. He is a member of the Institut 
(Académie des Sciences) in the section Sciences Appli- 
quées a |’ Industrie. 

Albert Portevin was one of the pioneers in the 
discovery of stainless steel, since he was the first to 
show that the resistance to chemical attack is related to 
a sufficiently high concentration of chromium in solid 
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chrome steels can be successfully annealed, though 
hitherto they had been considered martensitic and 
hence brittle and useless. 


Albert Portevin 


His abundant scientific output in the field of metals 
and alloys has dealt especially with two main topics: 
(a) the phenomena and laws concerning thermal treat 
ments and the utilization of these procedures for the 
modification of the characteristics of metallic materials; 
(b) the phenomena and factors in founding accompany- 
ing the fusion and solidification of metals and alloys, 
and affecting the structure, compactness, and various 
properties of the cast pieces. 

Professor Portevin introduced thermal analysis into 
France. He studied first the singularities of the cooling 
curves in the case of Cd-Bi alloys. Together with 
Pierre Chevenard, he set up the principles of dilato- 
metric analysis, and worked out a practical procedure 
which is directly applicable not merely to alloys but 
also to minerals and rocks. He made a detailed study 
of tempering and annealing by following the resistiv- 
ity associated with a mechanical property. In microg- 
raphy, he suggested the use of light directed quite 
obliquely to the polished surface being illuminated. 
He originated the idea of hypertrempe, he stated the 
relation between the shear and traction of special 
steels; he investigated shrinkage, the cementation of 
steels, the graphitization of cast irons, internal strains, 
fissurations, and corrosion. With Chaudron and Mor- 
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solution. He showed on the other hand that these eau, he found a method of extracting the gases from g 


cold ingot; the sample is made the electrode of an 
evacuted discharge tube. 

He has also established the laws of castability, i. ¢, 
the aptitude of a fused metal to fill a mold, and defined 
a coefficient of flow, the weldability of a metal, and 
its forgeability and machinability. He investigated 
the phenomena arising during autogenous welding and 
also the mechanism of segregations. He showed 
that light aluminum alloys can be hardened at any tem. 
perature and without a critical speed of tempering. A 
dilatometric, magnetometric, resistometric, micro- 
graphic, and sclerometric study of steels was required 
to distinguish between the tempering and reversion of 
martensite and austenite. He likewise was the first to 
define hardenability, and in the course of his study of 
tempering he worked out the kinetics and the details 
of the decomposition of austenite. Much of Professor 
Portevin’s work has dealt with inclusions. He has 
attempted to discover to what extent the constituents 
formed in the steel by oxygen, sulfur, and phosphorus 
may be classed as inclusions or as metallic constituents, 
He has issued an album of 230 micrographs which 
make it possible to identify rapidly the inclusions en- 
countered in ordinary steels. He has shown that the 
electrical resistence of an extra pure iron or aluminum 
wire is increased by the insertion of hydrogen atoms. 
It was in this connection that he made a radioscopic 
study of degasified metals (Fe, Pd, Ta). There is no 
modification of the hardness, or the electrical resistance; 
the crystalline structure only is deformed or distorted. 

Besides his more than 400 papers, Portevin has 
published “Introduction 4 l’étude traitements 
thermiques des produits métallurgiques,” which has 
been translated into English, Spanish, Rumanian, 
Russian, Polish, Czech. He and Léon Guillet in 1918 
issued the well-known ‘“Précis de metallographie,” 
which has gone through several editions and has been 
translated into English. Portevin was entrusted with 
the section on alloys in Volume XII of Pascal’s “‘Traité 
de chimie minérale.” He organized the metallurgical 
exhibit in the Palais de la Découverte of the Paris 
World’s Fair in 1937. 

This illustrious metallurgist-chemist has received 
many notable honors. These include the Carnegie 
medal of the Iron and Steel Institute, the Bessemer 
Medal, and those awarded by the Société d’Encourage- 
ment, the Société de |’ Industrie minerale, the Associa- 
tion de technique Fonderie. He is the only Frenchman 
on whom the Institute of Metals has conferred its 
platinum medal. 

Professor Portevin is extremely modest; he is very 
approachable, and his conversation is entertaining. 
Never too busy to help and encourage young people, 
he is beloved by his students. His teaching has borne 
good fruit, and among those whose doctorate work has 
been guided by him are such men as P. Bastien, L. 
Guillet, Jr., D. Séferian, L. Guitton, E. Herzog, and 
R. Castro, all of whom now hold high positions in the 
metallurgical industry of France. 
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‘ students could elect a major in chemistry. 


Proceedings of the 


PACIFIC. SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


2 CHEMISTRY INSTRUCTION AT FRESNO STATE 


COLLEGE 


Cuemisrry has been a part of the curriculum at 
this institution since it was founded as a Normal 
School in 1911. In 1935, when the State Department 
of Education recognized the regional function of 
the College by adding the full four-year liberal arts 
program, more chemistry courses were added, and 
Until 
World War II many students took their lower-divi- 
sion training at Fresno State College and transferred 
to the University of California and other universities 
for their upper-division work, many of them contin- 
uing in the graduate schools for advanced degrees. 

Until 1947 chemistry instruction was given under 
the Department of Physical Science with Dr. Harry 
C. Burbridge as head. The administration decided 
at that time that there was need forseparate departments 
of chemistry and physics, no doubt as a result of the 
impetus enjoyed by these sciences during the war 
period. Hence, the new departments were established 
in July, 1948, the author having been appointed as 
the first head of the newly created chemistry depart- 
ment. 

A careful study of the previous five-year period 
indicated a need for considerable revision and expan- 
sion of the curriculum and staff in order to serve the 
needs of the student body. Consequently several 
important changes were made, and the staff increased 
from four to six full-time instructors. 

In view of the unusually high mortality in the 10- 
unit beginning course in general chemistry, an inten- 
sive screening program was inaugurated, making 
use of the regular Freshman Testing Program in addi- 
tion to comprehensive tests in mathematics and chem- 
istry devised by the department, with the assistance 
of the Dean of Students. A second freshman course, 
Chemistry 2-ab (6 units) was introduced in 1949 for 
those students who did not have satisfactory mathe- 
matics background to undertake Chemistry 1-ab. 
During the last three years Chemistry 2-ab has proved 
a very satisfactory solution to the old problem of 
separating the professional and nonprofessional groups 
of students. It is not a watered-down course and 
was not designed asa terminal course. But it isa slower 


E. B. WOMACK 
Fresno State College, Fresno, California 


moving course, and students who do well may, with 
the approval of the department, take Chemistry 1-b 
and then continue with advanced courses along with 
the chemistry majors. 

This modification of the curriculum has made it 
possible to give a more satisfactory course to the 
chemistry majors in Chemistry 1-ab, and quite a number 
of students have been successful in Chemistry 2-ab, 
then in 1-b, and have continued as chemistry majors. 

Another innovation in our program was the intro- 
duction of a course in general studies in 1949—Intro- 
duction to the Physical Sciences—offered jointly by 
the heads of the chemistry and physics departments. 


An Undergraduate Research Project in Flame Spectrophotometry 
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Designed for the nonscience students, it consists of 
two 1'/.-periods per week of lectures, augmented by 
carefully planned demonstrations, films, and other 
available visual aids. This course is elective but 
has proved very popular, as evidenced by the great 
increase in enrollment each year. This interest on the 
part of nonscience majors lends weight to the increasing 
appreciation of the value of the physical sciences in a 
general liberal-arts education. 


A Graduate Student Doing Research in Organic Chemistry 


In the undergraduate curriculum both the B.A. 
and B.S. degrees are offered in chemistry. Many 
students take the B.A. degree program along with 
the General Secondary Credential with the objective 
of teaching physical sciences in high school and junior 
college. Most of the students who are preparing for 
a professional career in chemistry and allied fields 
take the more specialized B.S. degree program. A 
minimum of 48 semester hours of chemistry are re- 
quired for the B.S. major, consisting of basic year- 
courses in general inorganic, organic, quantitative 
analysis, and physical chemistry, plus two or more 
advanced courses elected by the student in these 
four major fields, or biochemistry. In the senior 
year each B.S. candidate is required to take 2 to 5 
hours of a Research Projects course to give him first- 
hand experience with research methods and tech- 
niques. Those B.A. candidates who have maintained 
a B average through their junior year also are encour- 
aged to take the Research Projects course during their 
senior year. The reports are written up in form for 
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publication, and several students have demonstrated 
the ability to do publishable research work. 

Since 1949 this department, along with nine other 
in the College, has been authorized to grant the M.A. 
degree in chemistry. However, in the administration 
of the graduate program the Department of Education 
requires that the candidate must obtain a Genera] 
Secondary Teaching Credential before the degree jg 
granted. In other words, the function of the gradu. 
ate program at the present time is primarily to afford 
more specialized preparation for teaching. 

All members of the staff participate in the super. 
vision of student research projects and are encouraged 
and assisted in pursuing their own research problems, 
because these contribute directly to more effective 
teaching. At the present time two members of the 
staff have been awarded grants from the Research 
Corporation for researches on synthetic substitutes for 
corticosterone and the use of flame spectrophotometry 
in the determination of trace elements. 

In 1949 a course in Instrumental Methods of Analy- 
sis was inaugurated, and last year instruction in nu- 
clear chemistry and some experiments with radio 
active isotopes have been incorporated into the course 
in physical chemistry. 

The enrollment in chemistry courses during the 
present semester has increased approximately 12 per 
cent over the enrollment of last year, even though 
the total enrollment of the college was somewhat 
lower. Our facilities are being used to capacity at 
the present. However, construction on a new building 
on the new Fresno State College campus will be started 
early in 1952 and it is expected that it will be ready 
for occupancy by the fall of 1953. 

In conclusion, it should be stated that members of 
the staff are selected on their demonstrated teaching 
ability, and much emphasis is placed upon effective 
teaching. Instructors work closely with their students 
in the laboratories, and classes are not so large as to 
preclude the opportunity for a close and intimate 
relationship between instructors and their students. 
This, we believe, is a distinct advantage that an institu- 
tion of this type has over the larger universities, and 
it should result in a more thorough undergraduate 
preparation. 

There has been a significant increase in the demand 
for trained chemists in this area since the war period, 
and we feel that this department is adequately pre- 
pared, both in the curricula offered and the training 
and experience of its staff, to serve the needs of the 
community and surrounding area. 
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EFFECTS OF MOLECULAR SHAPES' 
OFFICIAL BUSINESS 


262nd MEETING 


The 262nd meeting of the New England Association 
of Chemistry Teachers was held on Saturday, October 
13, 1951, at the Manchester Central High School in 
Manchester, New Hampshire. Fifty-three persons 
were in attendance. 

Marco Scheer, Chairman of the Northern Division, 
introduced Hubert B. McDonough, Submaster of the 
Manchester Central School, who brought greetings to 
the group and assured it that the beautiful weather 
had been carefully planned for the week end. 

William C. Petraske of the Nashua Gummed, Coated, 
and Paper Co., Nashua, New Hampshire, spoke on 
the subject, ‘‘Product development in the paper con- 
verting industry.” By choosing examples from the 
products he exhibited, he traced the part which chem- 
istry and the chemist may play in meeting the demands 
of a public not necessarily educated to apply the prod- 
uct at its best advantage. In developing a coa 
paper for wrapping cakes to be sold in a bakery, for 
example, not all the problems the chemist encounters 
are what the chemist would like to call “his.” 

The second speaker, Albert E. Chouinard, Lowell 
Textile Institute, Lowell, Massachusetts, discussed 
the subject, ‘(Leather making—a modern approach 
to an age old art.”” He gave the impression that even 
the modern approach cannot always be scientific 
in the face of experience, prejudice, and economics. 

After the luncheon, a business meeting was brought 
to order by the President, Helen W. Crawley. The 
Secretary reported the election of four new members: 


Mrs. William Brauner, Simmons College, Boston 15, Massachu- 
setts. 

Calvin F. Grass, Head of the Science Department, Madison High 
School, Madison, Maine. 

Truman S. Licht, Assistant Professor, Boston College, Chestnut 
Hill 67, Massachusetts. 

George Richard Laurence, Science Teacher, Chatham, Massachu- 
setts. 


A joint paper by Stanwood C. Slack and Gilman 
K. Crowell from the Department of Health, State 
of New Hampshire, on the subject, “The application 
of chemistry to the field of toxicology,” closed the 
afternoon session. The general field of toxicology 
was presented by one speaker while the other dis- 
cussed the problems of the chemist in testing for ethyl 
alcohol in highway accident cases. 


263rd MEETING 


The 263rd meeting of the NEACT was a joint 
meeting with the Eastern Association of Physics 
Teachers and the New England Biological Association, 
held at Brookline High School, Brookline, Massachu- 
setts, on December 8, 1951. 

Robert 8. Andree, Principal of the Brookline High 
School, opened the meeting in the proper atmosphere 
for teachers by posing the two questions, ‘When did 
you last fail one of your students?” and “When did 
you last succeed with a pupil?” 

Ina Granara, Chairman of the Central Division, 
introduced the speaker for the panel discussion of the 
problem: “Missing—Enough Scientists.” One of our 
own members, Norman A. Shepard, American Cyana- 
mid Company, was called upon at the last minute 
to speak on the panel when Frederic L. Mathews, Jr., 
Monsanto Chemical Company, was called to Europe. 
Dr. Shepard had planned to attend the meeting because 
he was interested in this particular part of the program 
and consented to air his views after he arrived. Eugene 
G. Rochow, Harvard University, the other speaker 
on the panel, pointed out the growing trend among 
chemists in avoiding the acceptance of jobs in industry 
and with governmental agencies where there are re- 
strictions on the interchange of information, a practice 
which has always been inimical to the best interests 
of science and scientists. He suggested that the loss 
of rights of citizenship inevitable in the increasing 
number and recurrence of investigations of character 
for the sake of security is certainly a contributing 
factor in the shortage of physicists (especially) in this 
country. 

An opportunity to inspect the snake pit, and other 
animals available in the biology department of Brook- 
line High School, was made available during the day. 

George Wald, Professor of Biology, Harvard Univer- 
sity, spoke on the topic “Molecular basis of vision.” 

Frank Gallizio, G. F. Heublein and Brothers, Hart- 
ford, Connecticut, gave a delightful and none too se- 
rious talk on “The nectar of the Gods’ to close 
the meeting. His talk was an aesthetic appeal to 
encourage the consumption of wine in this country. 
The presentation was not disguised with chemistry 
but with the history of the grape and the effusive 
personality of the speaker. 

At the business meeting at 3:30 p.m. the Secretary 
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welcomed the following new members to the organi- 
zation. 


Wendell F. Bennett, Head of the Science Department, Natick 
High School, Natick, Massachusetts. 

Frank L. Bridges, Head of the Science Department, North Quincy 
High School, North Quincy, Massachusetts. 

Wilbur B. Bridgman, Assistant Professor, Worcester Polytechnic 
Institute, Worcester, Massachusetts. 

Donald C. Burnham, Instructor, University of Connecticut, 
Storrs, Connecticut. 

R. Vincent Cash, Assistant Professor, Teachers College of Con- 
necticut, New Britain, Connecticut. 

Anna E. Holman, Chairman of the Science Department, Winsor 
School, Boston, Massachusetts. 

Rodney F. Mansfield, Cadet Teacher, Nashua High School, 
Nashua, New Hampshire. 

Edward F. Pierce, Instructor of Science and Mathematics, Hol- 
ten High School, Danvers, Massachusetts. 

Charles E. Walkden, Head of the Science Department, Barring- 
ton High School, Barrington, Rhode Island. 

Geoffrey Wilkinson, Assistant Professor, Harvard University, 
Cambridge, Massachusetts. 

John G. Zimmerman, Assistant Professor of Chemistry, U. S. 
Naval Academy, Annapolis, Maryland. 


The Secretary reported that 452 members have 
paid dues and five resignations have been received. 


Report of Treasurer of 13th Summer Conference 


Carroll B. Gustafson read the report of Virginia 
Duval, Treasurer of the Thirteenth Summer Confer- 
ence. The report was accepted as presented but 
not approved, since S. Walter Hoyt, Auditor, had 
not yet checked it. He has since found it to be correct. 
An abridged version of the report follows: 


Cash on hand, Feb. 1, 1951............. $ 500.00 
Major Expenditures 

Hostelry, University of R.I.......... $1264.44 

299 .30 

NEACT Treasurer (dues of new mem- 

Balance, December S, $ 586.72 


President Helen W. Crawley has announced the 
membership of the committee for the 14th Summer 
Conference. William F. Ehret, New York University, 
and Marco H. Scheer, Nashua High School, Nashua, 
New Hampshire, will serve as Co-chairmen. Dorothy 
Abel, Brookline High School, Brookline, Massachusetts, 
will act as both Treasurer and Registrar. The Secre- 
tary of the Committee is Constance L. Brown, Univer- 
sity of Vermont. Others on the Committee are: 


Richard F. Blake, High School, Stratford, Connecticut. 

Ralph E. Brierley, High School, Cranston, Rhode Island. 

Guy F. Burrill, High School, Keene, New Hampshire. 

Angelica Courniotes, Western Massachusetts College of Pharm- 

acy, Willimansett, Massachusetts. 

Helen W. Crawley, Walnut Hill School, Natick, Massachusetts. 

George Deckey, Rhode Island School of Design, Providence, 

Rhode Island. 

Ralph Di Mattia, Grover Cleveland School, Dorchester, Massa- 

chusetts. 

Virginia W. Duval, Catonsville High School, Catonsville, Mary- 
land. 
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Robert D. Eddy, Tufts College, Medford 55. Massachusetts, 

Leonard Foley, Central High School, Manchester, New Hamp- 
shire. 

Donald C. Gregg, University of Vermont, Burlington, Vermont, 

Leslie A. Hallock, W. M. Welch Scientific Co. (Worcester, Massa- 
chusetts, representative). . 

Alice Howe, High School, Concord, Vermont. 

William S. Huber, Rhode Island School of Design, Providence, 
Rhode Island. 

Ruth R. Jefferson, Branford High School, Branford, Connecticut, 

Clinton 8. Johnson, Rhode Island College of Pharmacy, Proyi- 
dence, Rhode Island. 

Eldin V. Lynn, Massachusetts College of Pharmacy, Boston 15, 
Massachusetts. 

Burnham P. Miller, Norton High School, Norton, Massachusetts, 

Katherine M. Murphy, Dorchester High School for Girls, Dor- 
chester, Massachusetts. 

Andrew J. O’Connell, Worcester Academy, Worcester, Massachu- 
setts. 

Francis 8. Quinlan, St. Michael’s College, Winooski Park, Ver- 
mont. 

Clarence D. L. Ropp, University of Bridgeport, Connecticut, 

Fred S. Sowers, Torrington High School, Torrington, Connecticut, 

Walter G. Stewart, Springfield College, Springfield, Massachu- 
setts. 

Louise O. C. Swenson, English High School, Lynn, Massachu- 
setts. 


CURATOR’S REPORT 


Some four years ago, the Executive committee directed the 
Curator to give the accumulated back numbers of the Report, 
issued prior to affiliation with the JouRNAL or CHEMICAL Epv- 
CATION, to such libraries as desired to have them. Since the proj- 
ect appears to be drawing to a close, account is now due members 
of NEACT, 

The first step in carrying out the project was to discover what 
libraries had sets and which numbers of the Report were needed 
to complete them. A second step involved finding what other 
libraries wished sets. Very soon it was discovered that the sup- 
ply of copies in the hands of the Curator in no way could fill the 
demand. Consequently, the Curator appealed to members by 
personal letter and through the Newsletter for donations. Many 
members responded. Thanks have been rendered to them by per- 
sonal letter and in the Newsletter, except for the latest gift. 
In May, 1951, Mr. S. Walter Hoyt of Belmont, Massachusetts, 
gave the Association a very large collection of early issues of the 
Report. The Association and many libraries are grateful for this 
generous donation. 

Well over a hundred letters have been written in carrying on 
this project. Several score of packages, large and small, have 
been mailed. It may be a good thing that no record of the time 
spent by the Curator has been kept. It most certainly would 
run into much more than one modern work week. 

The following is the list of sets of the Report now known to the 
Curator. The number in parentheses following the name of the 
institution or library where the set is deposited states how many 
issues of the Report are missing from the set. The list will be 
more meaningful if one remembers that there were slightly over 
160 separate issues of the Report before affiliation with the Jour- 
NAL OF CHEMICAL EpucaTion in 1942. It is noted that only 
three complete sets of the Report now are known. 


NEACT (0) (This set is kept by the Curator) 
Wesleyan University (0) 

Brown University (0) 

Simmons College (3) 

Harvard University (3) 

United States Office of Education (4) 

Yale University (7) 

Massachusetts Institute of Technology (11) 
University of Vermont (13) 

Columbia University, Teachers College (17) 
University of Connecticut (22) 
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12. University of New Hampshire (26) 
13. University of Massachusetts (30) 
14. Dartmouth College (32) 

15. University of Illinois (36) 

16. College of the Holy Cross (37) 

17. John Crerar Library (Chicago) (39) 
18. Library of Congress (39) 

19. University of Maine (40) 

20. Colby College (42) 

21. Iowa State College (46) 

22. University of Rhode Island (47) 
23. Duke University (58) 


As stated earlier, this project seems to be drawing to a close. 
This is so because the supply of the Report now on hand is so in- 
complete that no more additions can be made to existing sets and 
no new sets of value can be established. There is only one way 
in which the project can be continued. That is through the dis- 
covery of additional issues of the Report. The Curator has ex- 
hausted every possibility of obtaining copies of which he is aware. 
Yet it well may be that some members still have sets of the Report 
or know of persons who have. If so, donations are still in order. 

Issues of the Report badly needed to complete gaps in existing 
sets are those for the first 82 meetings. In addition, several copies 
are needed of the Report for the 107th meeting and for March, 
1939. Copies of the Report, other than those listed, are very ac- 
ceptable for they might make it possible to establish another set. 
There are many libraries which would be happy to have even a 
partial set of the NEACT Report. 

Incidentally, if any person knows of other sets than those 
listed above, the Curator would be glad to have such informa- 
tion in order that his records may be complete. 


E. Kerrsteap, Curator 
14th SUMMER CONFERENCE 


The New England Association of Chemistry Teachers 
will return to the beautiful campus of the University 
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of Vermont for its 14th annual summer conference, 
August 18-22, 1952. This University was host of the 
first conference in August, 1939. In recent years the 
conferences have been too large to be adequately housed 
at Vermont, but newly completed dormitories and lec- 
ture halls now permit a resumption of the pleasant rela- 
tions begun so auspiciously 13 years ago. The program 
will be organized about recent developments in science, 
as well as new ideas about old topics. There will 
be a symposium on Evaluation of Laboratory Work 
in General Chemistry. 

For those who wish to take advantage of the recrea- 
tional features of the Green Mountains, there are many 
points of scenic interests within easy driving distance 
from Burlington: Mt. Mansfield (readily surmounted 
on an excellent toll road); Smugglers Notch; Fort 
Ticonderoga; the Shelburne Museum of Early 
Americana; the “Islands” of Lake Champlain, via 
Sand Bar Bridge and Mt. Philo State Park. Members 
may take excursions on Lake Champlain on the old 
side-wheeler, the 8.8. “Ticonderoga.” Across Lake 
Champlain (15 miles wide at Burlington) are scenic 
Ausable Chasm and the Adirondack Mountains. 
Nearby the University there are three golf courses 
and a number of beaches for swimming. 

In addition to the registration fee of $4.00, dormitory 
costs will be $1.75 per night. Meals will be served 
cafeteria style in the University Cafeteria. Inquiries 
should be addressed to the conference secretary: 
Miss Constance Brown, Department of Chemistry, 
University of Vermont, Burlington, Vermont. 


e QUANTUM THEORY OF MATTER 


John C. Slater, Professor of Physics, Massachusetts Institute of 
Technology. McGraw-Hill Book Co., Inc., New York, 1951. ix 
+ 528 pp. 114 figs. 15 tables. 16 X 23.5cm. $7.50. 


Duaine the first quarter of this century the quantum theory, 
as formulated by Planck and Einstein, was applied to the 
interpretation of radiation phenomena and atomic structure. 
With the discovery of the phenomenon of electron diffraction 
and the formulation of the wave theory by de Broglie and 
Schroedinger and a much more advanced mathematical theory 
by Heisenberg, Dirac, and others, it was soon realized that the 
new concepts could be applied also to the study of the solid 
and liquid states. The quantum theory of matter, which is 
the subject of Professor Slater’s treatise, has thus become a 
basis for many new ideas not only in physics but also in chem- 


istry and metallurgy. The new theory may even provide 
fresh points of view in the biochemical field, as is evident from 
some recent publications. 

The writer knows of no other authority who could have 
dealt more adequately with these new topics than Dr. Slater. 
To survey the contents of the volume under consideration even 
at all intelligently is, of course, impossible in a limited review. 
All that the reviewer can accomplish is merely to indicate the 
wide scope of the contents and to note that it is one of the most 
comprehensive and most stimulating books that have appeared 
in recent years. 

The first two chapters, entitled De Broglie Waves and Wave 
Mechanics and Schroedinger’s Equation, deal with the general 
principles of quantum mechanics, especially with the analogy 
between geometrical optics and classical mechanics, the un- 
certainty principle, the formulation of Schroedinger’s equation, 
and the application of the latter to the problem of the linear 
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oscillator. Chapter 3 contains a discussion of average values 
and matrices, while the theory of perturbation, Dirac’s theory 
of the radiation field, and related problems are discussed in 
Chapter 4. Chapters 5, 6, and 7 deal with the hydrogen atom, 
the structure of atoms containing many electrons, and multiplet 
structure. The Heitler-London method and molecular orbital 
method of treatment of the hydrogen molecule is the topic 
of Chapter 8, and in the following chapter, entitled Interatomic 
and Intermolecular Forces, ionic and covalent bindings are 
discussed. : 

All the new quantum mechanics concepts thus developed are 
applied in the following chapters to a consideration of the 
properties of matter: those of the metallic state (Chapter 
10), the mechanical, chemical, and thermal properties (Chapter 
11), electrical conductivity (Chapter 12), the nature of dielec- 
trics (Chapter 13), and magnetism (Chapter 14), 

In each case, the treatment begins in an elementary manner 
and is carried through to quite an advanced stage without the 
use of difficult mathematics. However, many of the topics 
which must necessarily be treated at a higher mathematical 
level for the sake of more detailed explanation are dealt with 
in 22 appendixes (pages 435-516). 

At the end of each chapter is a large selection of problems 
which should prove extremely useful to the student. 

No review can really do justice to the clear and scholarly 
discussion in this treatise, which should be a “‘must” for every 
student who desires to become familiar with the many recent 
developments in the applications of the quantum theory to an 
understanding of the properties and behavior of matter in the 
solid state. 


SAUL DUSHMAN 
GENERAL E.Lectric COMPANY 
Scuenectapy, New York 


+e AN ADVANCED TREATISE ON PHYSICAL 
CHEMISTRY. VOLUME II 


J. R. Partington, Professor of Chemistry in the University of 
London. Longmans, Green and Co., New York, 1951. xliv + 
448 pp. 2tables. IIlustrated. 16 X 25.5cm. $10. 


TuE second volume of Professor Partington’s treatise contains 
the most comprehensive survey yet made of the properties of 
liquids and the experimental methods used in investigating the 
liquid state of matter. The subjects are discussed in the follow- 
ing order: Densities (pages 1-35), Thermal Expansion (pages 
35-57), Compressibilities (pages 57-70), Viscosities (pages 70- 
127), Thermal Conductivity (pages 127-34), Surface Tension 
(pages 134-207), Specific Heats (pages 207-21), Vapour Pres- 
sures (pages 226-74), Boiling Points (pages 275-303), Latent 
Heat of Vaporization (pages 303-76). 

Since there exists no exact theory which encompasses the wide 
variations in the behaviors of the properties of liquids, the com- 
prehensive critical survey contained in this volume is of great 
value. The thoroughness with which the experimental methods 
are described, the data recorded, and the thousands of references 
listed is an outstanding achievement. As illustrations of this 
thoroughness, one finds over 50 different empirical formulas 
representing the variation of vapor pressure with temperature 
and 60 or more empirical equations for the variation of the latent 
heat of vaporization with temperature. 

Pages 377-438 contain a mathematical appendix in which the 
elements of the subjects, determinants, matrices, group theory, 
and co-ordinate geometry of three dimensions are treated in a 
lucid manner. 

This reviewer has already gained much from reading carefully 
parts of this volume and would advise teachers and advanced 
students of general physical chemistry to arrange that this work 
be easily accessible. 


HERBERT 8. HARNED 
UNIVERSITY 
New Haven, Connecticut 
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* THE STRUCTURE OF PHYSICAL CHEMISTRY 


C. N. Hinshelwood, Dr. Lee’s Professor of Chemistry in the 
University of Oxford. Oxford University Press, London, 195), 
viii + 476 pp. 48 figs. 16.5 X 24.5 cm. $7. 


Tuts book is an attempt to provide a synthesis of physical 
chemistry, such that diverse concepts, which are usually presented 
independently of one another, shall appear as parts of a systemat. 
ically developed and unified structure. This structure is de 
veloped from the ideas of the atomic theory, considering first 
the simplest and most general concepts, and proceeding to in. 
creasingly complicated and detailed ones. The book is organized 
in six parts, each of which is developed in two to five chapter 
preceded by a synopsis of the part. 

Part I, on the world as molecular chaos, presents the elementary 
ideas of the atomic theory and develops their consequences, 
The molecules are considered to be microscopic masses in chaotic 
motion, following the laws of classical mechanics. The inter. 
play between the as yet unspecified forces of mutual attraction 
and repulsion determines the combinations that are possible 
and the states of aggregation in which the molecules exist. The 
concepts of entropy and of equilibria in chemical and physical 
changes flow then from these ideas. 

Part II, on the control of the chaos by the quantum laws 
reshapes and refines the ideas of Part I to conform to the re 
quirements of the quantum mechanics that is found to apply to 
molecular systems. Such systems are no longer considered 
to be small-scale replicas of macroscopic objects, but to be subject 
to qualitatively distinct rules. The forces among the parts 
of the system are still unspecified and the emphasis is still on the 
effects on the chaos of the general laws that control molecules, 

Part III, on the electrical basis of matter, is concerned with 
the more detailed application of quantum mechanics to the strue- 
tures of atoms and molecules. 

Part IV, on forces, follows as a natural continuation of the 
preceding part. It is a discussion of the forces within nuclei, 
atoms, molecules, and macroscopic systems. These are the 
forces that were left unspecified in the earlier parts of the book. 

Part V, on the forms of matter in equilibrium, is concerned 
with the application of the concepts developed in the first four 
parts of the book to those systems that are of special interest 
to chemists. Metals, ionic and covalent compounds, crystal 
latices, liquids and allied states of matter, and highly dispersed 
systems are all discussed from the common viewpoint—the 
effect of the ordering forces upon a chaotic system. 

Part VI, on the passage towards equilibrium, is in many re 
spects the climax of the book and is the longest single part 
(121 pages). It is on the rates of changes and the factors that 
influence these rates, and is developed from the quantum sta- 
tistics that was discussed earlier. The book ends with an inter- 
esting and suggestive, if necessarily incomplete and speculative, 
application of the concepts to biological systems. 

The treatment is on an advanced level as to the ideas, but 
only moderately so as to the mathematics and the language. 
The reasoning and the expression are, in fact, so clear and 80 
attractive that the result is a pleasure to read. Derivations 
seem to be given principally to display the relationships of the} 
ideas to one another and to clarify the ideas themselves. Con- 
sequently, one must know something of the subject in order to 
follow much of the book. The title correctly suggests that this 
book is neither a text nor a formal introduction to the subject. 
It is, rather, a humanistic attempt to understand and unify the 
subject by a treatment written for those who already have some 
knowledge of it. 

Throughout the book there is no evident hesitation in in- 
cluding an idea even though it is difficult to grasp, nor in using 
any mathematical treatment that will clarify a concept. One 
of the merits of the treatment is that the author has avoided 
some usual, but misleading, analogies. ‘Some of the current 
working notions are expressed in words which easily become in- 
vested with a more literally descriptive character than they 
deserve, and many young chemists—this is my impression at 
least—are led to think they understand things which in fact 
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they do not. Something simple and direct seems to be conveyed 
by words such as ‘resonance’ and ‘activity,’ which is not legiti- 
mately conveyed at all. By certain descriptions, which it 
is easy to give, one is reminded of Alice: ‘Somehow it seems to 
fill my head with ideas—only I don’t exactly know what they 
are.’ Many of the mathematical equations which serve impor- 
tant technical purposes in the modern forms of theoretical chem- 
istry are of a highly abstract kind, but they have acquired a 
dangerous seductiveness in that they clothe themselves rather 
readily in metaphors.” 

There is little development of the concepts or the mathematics 
to the point of use. The reader of this book will be little abler to 
apply the concepts in obtaining numerical answers to concrete 
problems than he was before reading it. This characteristic 
of the book is a limitation, not a defect. The development of 
such ability is not part of the purpose of the book and could not 
have been added in a book of this size. 

There remains the question how far the author has succeeded 
in realizing his objective. The material presented is unified 
fairly well—perhaps as well as can ever be done in a subject that 
is still alive and growing. Part of this unity has been attained, 
however, by subordinating those concepts that do not fit into 
the pattern that Professor Hinshelwood has used. Thermo- 
dynamics is treated, for example, as an outgrowth of the ideas 
that are involved in the world of molecular chaos, and 22 pages, 
less than five per cent of the book, are given to the development 
and discussion of the principles of this subject. This treatment 
does not seem to accord with the still considerable importance and 
independence of phenomenological thermodynamics in current 
thinking in physical chemistry. The justification that is given for 
this treatment consists merely of stating some of the arguments 
against it in phraseology chosen to be unconvincing. 

Whether such a treatment as this book presents is desirable 
would seem to depend in part on whether unity in science is 
or is not something to be sought for its own sake. If the task of 
a science is to describe part of the real world, rather than to 
fit the real world into an existing pattern, it would seem that 
unity should arise, if it exists, from the observations and their 
interpretation. The assumptions that unity does, or that it does 
not, exist in such a science as physical chemistry seem equally 
gratuitous. 

This book is impressive and successful, on the other hand, 
if it is viewed as an effort to see how much of physical chemistry 
can be brought together under the domination of one single set 
of ideas. Furthermore, the allocation of space, and the view- 
point, reflect fairly well current thinking among those who 
are advancing the subject. This book compares reasonably 
well with “Annual Reviews of Physical Chemistry” in these 
respects, for example, and both contrast strikingly with most 
textbooks of the subject. 

This book is recommended for all those who are concerned 
with physical chemistry per se, and who already have some 
knowledge of the subject. 


CARSTEN STEFFENS 
Tue University or New MExico 
ALBUQUERQUE, NEw 


* A SHORT GUIDE TO CHEMICAL LITERATURE 


G. Malcolm Dyson, Longmans, Green and Co., New York, 1951. 
viii + 144 pp. 4tables. 13 X19.5cm. $2. 


Tue book is divided into five main sections: general dictionaries 
and encyclopedias; chemical journals and periodicals; abstract 
journals; textbooks and special works of reference; and reference 
works on medicinal chemicals. The latter section is used as an 


example of the literature of a subject on the border line between 
chemistry and another science. 

In the above sections the author lists representative examples 
of books and journals and describes each as to the nature of its 
contents, coverage, etc. In the section on journals the various 
national and specialized journals are described, and journals of 


technology are listed under subject headings substantially the 
same as those of the sections of Chemical Abstracts. Textbooks 
and special works of reference are described under the following 
headings: historical; analytical; inorganic and physical; mineral 
and metallurgical; biochemical; organic; annual reviews and 
similar volumes. 

One chapter describes the technique of making a search of the 
literature, and one section of the appendix describes in more 
detail an example of an organic chemical search (“The nitration 
of hexane”). Other sections of the appendix list information 
about some old and obselete journals, and give tables listing 
the year and volume numbers of the main chemical publications. 

Dr. Dyson writes succinctly and has produced a very readable 
and instructive volume. 

The binding and typography leave something to be desired. 

The author emphasizes that this book is intended to be a be- 
ginner’s introduction to the literature of chemistry. He states 
further that the book “. . .has been made ‘non-exhaustive’ with 
the express purpose of keeping its price within the reach of all 
students of the subject.’”’ These objectives are amply fulfilled. 


ROBERT S. CASEY 
W. A. SHEAFFER Pen Company 
Fort Mapison, Iowa 


e LINEAR COMPUTATIONS 


Paul S. Dwyer, Professor of Mathematics, University of Michigan. 
John Wiley & Sons, Inc., New York, 1951. xi + 344 pp. Ap- 
proximately 160 tables. 15 X 23cm. $6.50. 


Linear algebraic equations appear in so many different fields 
that it is not surprising that there are several literatures on 
their solution: e. g., those of statisticians, theoretical physicists, 
geodetists, numerical analysts, engineers, psychologists, ete. 
As the problems vary considerably among these fields, the 
methods show corresponding variations, and there is surprisingly 
little cross-communication. The present author is a statistician, 
and the book shows this in numerous ways: preference for elimi- 
nation methods, highly developed technique on desk machinery, 
knowledge of statistical literature above all other, and perhaps 
also the lack of mathematical sophistication asked of the reader. 

By “linear computations” the author means the solution of 
systems of linear algebraic equations, the inversion of matrices, 
the evaluation of determinants and subdeterminants, and closely 
related topics. The principal purpose of the book is to present 
efficient techniques of carrying out linear computations on desk 
calculators. The author dismisses iterative methods (page 252), 
and devotes the book to presenting numerous variations of 
Gaussian pivotal elimination. This is basically the method 
taught in high school, but few casual computers realize the great 
efficiencies possible in the arrangements which have been de- 
veloped by Doolittle, Cholesky, Banachiewicz, Crout, Dwyer, 
and others. These efficient methods take full advantage of the 
ability of the desk calculator to accumulate products, and mini- 
mize the slow and inaccurate operations of recording. Professor 
Dwyer is an authority on these efficient techniques and presents 
them in a carefully prepared order. Each is accompanied by a 
table illustrating the arrangement of the computing sheet and 
one or more tables illustrating the computation for systems of 
orders 3 to 5. 

There are sections on such related topics as solving systems 
with certain variables and equations suppressed, evaluating linear 
forms, and calculating the characteristic polynomial of a matrix 
(for the latter problem the most efficient techniques are omitted). 
The subject of errors is treated unusually completely. There is 
an early chapter on the representation of approximate numbers. 
This material is applied to the evaluation of determinants 
whose elements are approximate numbers, and to bounding the 
errors in the solutions of linear systems resulting from uncertain- 
ties in the coefficients. 

The present book has several chapters which constitute a 
textbook on using the desk calculator. The author stresses the 
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importance of choosing a machine with “complete carry-over” 
and with an extra digit in the products register. Principles 
of computational design are set forth, to control blunders and 
round-off errors, to provide checks, and to minimize the recording 
effort. A chapter is devoted to the reduction of error accumu- 
lation in the evaluation of various statistical formulas. 

The notation is literally that of easy high-school algebra. 
In the middle of the book determinants and matrices are defined, 
and thereafter their most elementary properties are used. But 
all the methods of elimination are given in earlier chapters in 
expanded notation. The book has over 160 carefully prepared 
tables and numerous exercises for the reader. There are ex- 
tensive references for each section, strong in the English language, 
weaker in European material, and devoid of Rtssian references. 
The book will surely be a standard reference on elimination 
methods, and may be consulted profitably by computers at all 
levels of mathematical education. There is nothing comparable 
in the literature. It is unusually free of misprints and has good 
indexes. Because of its emphasis on techniques as opposed 
to the development of mathematical tools, it is not recommended 
as a textbook for college students or others who wish to gain 
a deep insight into the nature of linear computations. These 
people should begin elsewhere by acquiring a thorough knowledge 
of matrix theory. 


GEORGE E. FORSYTHE 
NaTIONAL BuREAU OF STANDARDS 
Los ANGELES, CALIFORNIA 


* STATISTICAL METHODS FOR CHEMISTS 


W. J. Youden, National Bureau of Standards, Washington, D. C. 
John Wiley & Sons, Inc., New York, 1951. x +126 pp. 3 figs. 
66 tables. 15.5 X 24 cm. $3. 


Tuts little book is for readers experienced in chemical and 
physical measurements but untrained in statistical methods, and 
who are perhaps even unaware of the aid that the statistical 
viewpoint can give in the interpretation of experimental data. 
The attentive reader should gain a good idea of what is meant 
by some important statistical terms, how the precision of a set 
of measurements is probably best rated, whether the difference 
between the averages of two sets of data is significant, how 
constant errors are detected, how best values are found for 
the slope and intercept of a straight line that represents ex- 
perimental data. Beyond that, concluding chapters tell how 
to pool or combine data from different sources, how to improve 
precision and recognize that it has been improved, how interact- 
ing or independent factors contributing to experimental results 
may be identified. Most of the many short tables are worked 
numerical examples. 

This easy introduction to stastistical methods deserves readers 
in other fields than chemistry, since the ideas it presents are 
equally valid in other experimental sciences. On the other 
hand, there might well have been some mention of the ways 
in which statistical methods have aided chemistry, beyond 
the range of this book. To mention only three: there is the 
statistical evidence that cellobiose, rather than a triose or 
tetrose, is the repeated unit in the cellulose chain-molecule; 
the statistical treatment of the variation of viscosity with differ- 
ent types of scission of complex molecules; the statistical 
treatment of fractional distillation and precipitation. 

The book is ‘characterized by the complete absence of sta- 
tistical theory and proofs.’’ Nevertheless, only thoughtful and 
persistent readers will be able to make good use of it, and these 
might have found a few simple proofs to be stimulating and 
clarifying. Nothing is said about the origins of our faith in a 
normal distribution of errors. It is not really based on mere 
experience nor demonstrable by mathematical proof. On the 
contrary, it is a sort of philosophy, which incidentally points 
out when a normal distribution is not to be expected. For 
example, are teachers justified in adjusting student grades to 
a probability curve? 


JOURNAL OF CHEMICAL EDUCATION 


General references are given to a few books covering the sub. 
ject matter of the present book. More specific references tg 
individual topics would have been helpful, and especially to 
applications not treated. Many. of the “chemists” to which this 
book is addressed will be teachers of chemistry. These yi] 
at once conclude that the practice of obtaining a semester grade 
by averaging a set of examination grades is not statistically 
justified. But where may one turn to learn more? 


HORACE G. DEMING 
University oF Hawaii 
Hawa 


* X-RAY ANALYSIS OF CRYSTALS 


J. M. Bijvoet, Professor of Physical Chemistry, University of 
Utrecht, the late N. H. Kolkmeyer, and Caroline H. Mac. 
Gillavry, Professor of Crystallography, University of Amsterdam, 
Based on a translation by H. Littman Furth. Butterworths 
Scientific Publications, London; Interscience Publishers, Inc,, 
New York, 1951. xii + 304 pp. 226 figs. 19 tables. 15.5 x 
25.5 cm. $6.50. 


Tue Dutch and German editions of this book have been well 
and favorably known, especially in Europe, for some time. It 
is now a pleasure to welcome an English version. 

The authors have had long experience in crystal structure 
analysis. Professor Bijvoet’s standing among his fellow workers 
in this field is attested by his recent election to the presidency 
of the International Union of Crystallography. It is not sur- 
prising, therefore, to find this book exhibiting a high degree of 
scientific accuracy. The authors have also shown good judgment 
in their choice of topics covered and the allotment of space to 
each. The presentation is lucid. A reader would not guess that 
the book was originally written in a language other than English. 

All X-ray diffraction workers will surely want this excellent 
book, for it is full of useful reference material. It can also be 
recommended for examination and study by others who wish to 
become acquainted with the methods of X-ray crystallography and 
the results obtained thereby. It would be suitable for a course for 
graduate students in chemistry. The chapters dealing with 
typical and significant crystal structures are especially com- 
mendable. Teachers, advanced students, and many other chen- 
ists will find them interesting, instructive and up to date. 

The publishers, like the authors and the translator, have 
done their job well. 


MAURICE L. HUGGINS 
Kopax Researcu LABORATORIES 
Rocuester, New York 


* TREATISE ON ORES AND ASSAYING 


Lazarus Ercker. Translated from the German edition of 1580 
by Anneliese Griinhaldt Sisco and Cyril Stanley Smith. 
The University of Chicago Press, Chicago, 1951. xxxiii + 360 
pp. 59 figs. 17.5 X 27cm. $10. 


Wiru the publication of this book, the modern reader has access 
to all the leading works on metallurgy of the sixteenth century. 
The little “Bergwerk und Probierbiichlein” and the “De la 
Pirotechnia”’ of Biringuccio have been translated by Smith and 
his associates, and the Hoover translation of Agricola’s “De Re 
Metallica” has recently been reissued. These, together with 
Ercker’s “Treatise,’’ were the standard textbooks of the mining 
engineer for several centuries. Many of the methods they de- 


scribe are still in use. Thus, they are fundamental to an under- 
standing of the development of metallurgy and metallurgical 
chemistry. 

Ercker’s book is not inferior to any of the others. Ercker was 
a practical metallurgist, Superintendent of Mines to the Emperor 
Rudolf II in Bohemia. He wrote his book for the instruction of 
young miners and assayers, and so he gives complete details for 
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all phases of the assayer’s art. These include not only the tech- 
nical phases of assaying, but the building of all types of furnaces, 
the construction of balances, and the manufacture and calibra- 
tion of weights. The book is severely practical. The closest 
approach to theory comes when it states ‘‘as far as those cements 
are concerned that are described by the philosophers or alchemists 
and which are supposed to change copper to silver and silver to 
gold, I shall leave them for what they are worth. They have no 
place in this discussion of cementation, since my books will 
contain nothing but natural and tested processes which can be 
relied upon and raise no false hopes.” It is repeatedly evident 
that Ercker is indeed describing the results of his own experience, 
and remarks such as ‘‘you must learn from experience as I and 
others did whether one recipe is better than another” are common 
throughout the book. 

A personal tone of discussion between author and reader per- 
vades the whole work and lends charm even to the most technical 
descriptions. It would be difficult to obtain a clearer picture of 
the operations of the sixteenth century miners. 

The translation is beautifully done. The clear type, the numer- 
ous reproductions of the original woodcuts, and the great number 
of notes which make clear the relation between the methods of 
Ercker and his contemporaries and those of today make the text 
itself a pleasure to read. The bibliographic details of the various 
editions and translations give a complete picture of the impor- 
tance of the book in its own day. Special attention is paid to the 
English translation published by Sir John Pettus in 1683. Fi- 
nally, the scholarly introduction with its discussion of the place of 
the assayer in the development of chemical science is a distinct 
contribution to the history of chemistry. Too often the historians 
of this science neglect the practical chemical knowledge of the 
early metallurgists in their concern with the theories of the 
alchemists and the phlogistonists. In a book such as this the 
true extent of chemical knowledge before any modern theories 
had emerged can be seen. 


HENRY M. LEICESTER 
or Puysicians AND SURGEONS 
San Francisco, CALIFORNIA 


e GENERAL CHEMISTRY 


William A. Felsing and George W. Watt, Professors of Chemis- 
try, University of Texas. Third edition. McGraw-Hill Book Co., 
Inc., New York, 1951. x + 558 pp. 142 figs. 44 tables. 
16 X 23.5 cm. $5. 


Tuts text is truly a book of general chemistry rather than 
an introductory course in physical chemistry, as so many of the 
recent first-year texts have proved to be. However, it definitely 
presents a course “in chemistry’’ and not just a course “‘about 
chemistry.’” Previous work in high-school chemistry is not 
presumed. The book lays adequate foundations for a full-year 
course and yet is short enough so that it may be covered com- 
pletely and still allow the individual teacher to expand those 
topics that he feels are particularly pertinent to his situation. 
The exercise at the ends of the chapters are thought-provoking 
and are within the capabilities of the students. Nearly 300 
problems are integrated into the whole course. They should 
serve to teach the students the quantitative foundations 
of chemistry as they are emphasized in this text. The reading 
lists that follow most of the chapters are outstanding in their 
pertinency and the availability of the journals cited. 

The arrangement of topics is rather unconventional. The 
sequence used should make it easy to correlate purposeful lab- 
oratory work with the lectures. The first half of the book is given 
over entirely to a study of the concepts and principles on which 
chemistry is based. Oxygen is the only element considered in 
any detail in this part of the book. Solutions are discussed quite 
early. While atomic structure is discussed early in the text, 
the subject of the classification of the elements comes much later. 
Thus, valence and the probability of reactions between elements 
are not integrated with periodic charts in the first half of the 
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course. Ionization and equilibrium are both discussed early 
enough to be completed during the first semester, thus allowing, if 
it desired, qualitative analysis to be studied during all of the 
second semester. Acids and bases are discussed rather classically. 
Very little use is made of the Brgnsted theory. Most equations 
are written molecularly or only semi-ionically.. Historical 
chemistry is adequately covered. Descriptive chemistry is 
meager in the first half of the book. 

The second half of the book includes a study of well-selected 
elements, common compounds, and organic compounds. The 
emphasis is on industrial processes, important type-reactions, 
and the uses of the substances. The student is not swamped 
with details. 

The format of the book is excellent. The text should be 
easily understood by students. The nine parts of the appendix 
contain much useful information. Answers are given at the 
end of the book for all of the problems in the text. This re 
viewer predicts that this will be a popular text for beginning 
students of chemistry. 


JOHN B. ENTRIKIN 
CENTENARY COLLEGE 
SHREVEpPORT, LovIsIANA 


a AGRICULTURAL CHEMISTRY. VOLUME II: AP. 


PLICATIONS 


Edited by Donald E. H. Frear, Professor of Agricultural and 
Biological Chemistry, The Pennsylvania State College. D. Van 
Nostrand Co., Inc., New York, 1951. viii + 588 pp. 45 figs. 
122 tables. 17.5 X 25cm. $9.50. 


Tue editor and 22 contributors have produced a book of 24 
chapters covering very broadly the applications of chemistry 
to agriculture. Since many diverse topics are included the 
editor has wisely grouped together, in sections, related phases 
of agricultural chemistry. 

The first section, Part I, covers the chemistry of major agricul- 
tural products and includes chapters on seed and cereal crops 
(V. H. Morris), fruit and vegetable crops (H. W. Von Loesecke 
and Z. I. Kertesz), forage crops (J. T. Sullivan), meat and meat 
products (R. C. Miller), milk and dairy products (A. H. Johnson), 
and eggs and poultry products (R. M. Conrad). In general, 
methods of processing and preservation, factors affecting nutri- 
tive value, general composition, and the manufacture of by- 
products are discussed. 

Fertilizers and soil amendments are the subject of Part IT. 
The three major fertilizing elements—nitrogen (S. F. Thornton), 
potassium (J. D. Romaine), and phosphorus (C. A. Black and 
W. H. Pierre)—are covered in considerable detail, including 
production, effect on growth and development of plants, losses 
from the soil, efficiency of various types of fertilizers and their 
characteristics. The chapter on mixed fertitizers (S. F. Thorn- 
ton) presents information on properties, reactions, and nutrients 
of such materials. The part of this section devoted to liming 
materia's (A. C. Richer) reviews soi] reaction, lime requirement, 
and liming materials. Minor elements (E. R. Purvis) discussed 
include boron, copper, manganese, molybdenum, and zinc. 

The third section of the book, Part III, includes a discussion of 
nutrition of farm animals. These are dairy cattle (S. E. Smith), 
beef cattle (H. R. Guilbert), horses and mules (P. B. Pearson and 
C. F. Winchester), sheep and goats (P. B. Pearson), poultry 
(H. W. Titus), swine (R. C. Miller), and domestic and fur- 
bearing animals (A. E. Schaeffer). Basic discussions of the 
mechanisms of feed digestion and utilization, specific nutritional 
requirements, nutritional insufficiencies, and toxic conditions 
and their causes are given. 

Three chapters on pesticices are contained in Part IV and are 
written by the editor. Insecticides, fungicides and herbicides 
are discussed, mainly with regard to their chemical] composition. 

The last and smallest section, Part V, contains two chapters on 
unrelated subject matter. One of these, on inventions and pat- 
ents relating to agricultural chemistry (C. W. Rivsie and A. D. 
Caesar), presents a résumé of requirements of patentability. 
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The final chapter, on chemurgic applications of agricultural 
products (J. R. Clopton), is much too short (11 pages) to cover 
adequately industrial uses of agricultural products. The elimi- 
nation of these two chapters from the book would not have mate- 
rially detracted from its value. 

A comparison with the companion Volume I on “Principles” 
reveals a minimum of duplication of materials in spite of the 
intimate connection between these two books in subject matter. 
The volume being reviewed suffers, however, in comparison with 
the former, through small, difficult-to-read type used in the make- 
up of tables. The format of the book otherwise, is excellent. 
It has been carefully proofread; only one error was noted. 
This book should fill a long felt need for a general reference 
text in the field of practical applications of agricultural chemistry. 
Its value is enhanced by the bibliographies appended to each 
chapter. 


E. A. FIEGER 
LovistaNa State UNIVERSITY 
Baton Rovee, LovistaNa 


EXHIBIT TECHNIQUES 


Edited by Helen Miles Davis. 
D. C., 1951. 
cloth, $2. 


Science fairs, exhibits, and open-house days require today’s 
science teacher to know more than science. This little book 
supplements a facet of the teacher’s versatility. 

The ways to present a science project to the public are illus- 
trated by case histories. We find details about science fairs, 
museum methods, and successful projects presented in a way 
that should stimulate the imagination of students and teachers 
alike. It is a “must” for participants in fairs and science proj- 
ects of all sorts. 

The book fulfils its purpose, “‘to aid teachers and club sponsors 
who are asked questions by their students.” 


Science Service, Washington, 
ii+ ll2 pp. 26figs. 1.45 20.5cm. Paper, $1; 


ELBERT C. WEAVER 
PuHILLips ACADEMY 
ANDOVER, MASSACHUSETTS 


* PRINCIPLES OF CHEMICAL THERMODYNAMICS 


Martin A. Paul, Professor of Chemistry, Harpur College, State 
University of New York, Endicott, New York. McGraw-Hill Book 
Co., Inc., New York, 1951. viii + 740 pp. 64 figs. 61 tables. 
15.4 X 23cm. $7.50. 


Tus is a large book of more than 700 pages. It is written in 
excellent style by an author who is clearly an experienced and 
painstaking teacher. Typical of the careful pedagogical planning 
is the sharp distinction between “molecular weights’ and ‘‘for- 
mula weights.’”’ Chapter 9 on the Thermodynamics of Cells 
contains many examples of thoughtful pedagogical efforts. 
The principles of measurement (but not irrelevant details) 
are discussed for the benefit of the students for whom the book 
was written; those who have taken a course or two in physical 
chemistry but who have studied little or no thermodynamics. 
The chapter (72 pages) contains a series of illustrations of actual 
investigations of electrical cells. These examples can give the 
student a notion of some of the practical difficulties encountered 
and may well aid in the development of a critical attitude toward 
the results of experiment. The associated references may also 
serve to show how recently our knowledge of the thermodynamics 
of solutions was obtained and may lead some students to do 
sufficiently extensive reading to learn that our present knowledge 
is but. an introduction to what lies ahead. 

In this reviewer’s opinion there is a serious flaw in Chapter 
9; the treatment of units is not good. The symbol jis used to 
denote ‘the quantity of electricity flowing through the cell.” 
Like other letter symbols, 7 represents not a number, but a 
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magnitude which may be stated in terms of any unit of electricity 
(e.g., coulomb, faraday, etc.) which is appropriate. That fact js 
explained to the student and he is frequently given values of j 
in coulombs. Each time that j is substituted in an equation, 
however, it is stated in equivalents, i.e., in faradays. Only 
rarely, however, is the conversion factor § (coulombs per equiva. 
lent) alsoinserted. The reviewer believes that the student should 
be shown repeatedly that he can rely on obtaining the correet 
answer in the unit he desires when he writes the units associated 
with each number introduced into an equation and succeeds 
in the cancellation of units so as to leave the particular one he 
wants. Even when the conversion factor ¥ is inserted it is 
called “joules per volt g-eq”’ rather than coulombs per equivalent 
(see page 538). The author has missed a rich pedagogical op. 
portunity; the treatment of units and dimensions deserved more 
attention in a book of such basic and elementary character. 

The treatments of methods used for the measurement of sur- 
face tension are surprisingly detailed for a text on chemical 
thermodynamics. Some of the discussions are better than are 
to be found in most treatises on physical chemistry. The 
description of the drop weight method, for example, presents the 
basic principles and the essential details correctly. The attempt 
to explain the method of maximum bubble pressure is less sue- 
cessful. The author explains how the pressure in a closed system 
increases as a meniscus is depressed in a capillary by the injec- 
tion of more and more air. When the line of contact of the 
meniscus with the wall of the tube reaches the end of the capillary 
the explanation falters and the hypothetical bubble bursts. The 
volume of a real bubble continues to increase as more air is forced 
into it. Simultaneously the pressure continues to increase, 
soon reaches a maximum, and then decreases sharply. Not only 
is the description of the behavior of the bubble incorrect but it 
conceals the phenomenon for which the method of “maximum 
bubble pressure” is named. The selection, at the beginning of 
the discussion, of pressure as the independent variable made it 
difficult to discuss pressure as a, two-valued function of the quantity 
of gas in the bubble. 

Similarly, as a ring is lifted from the surface of a liquid the pull 
required rises to a maximum and then decreases. It is this 
maximum pull which is measured in correct applications of the 
method. It is the maximum pull which was measured by Harkins, 
Young, and Cheng, which was discussed explicitly, by Dorsey, 
which was measured by Harkins and Jordan, and which was 
calculated by Freud and Freud. Yet the description in ‘“Prin- 
ciples of Chemical Thermodynamics” contains no mention of the 
maximum pull on the ring. The explanation given for the tear- 
ing of the ring from the surface is incorrect. The implication 
on page 275 that the method is only a relative one is no longer 
true. Since the publication of the Freud and Freud paper the 
method is—in principle—absolute. 

Fortunately, the teaching of thermodynamics is not greatly 
affected by these defects in the explanations of methods for 
measurement of surface tension. The reason, of course, is that 
the subject is not essential for the purpose. The reviewer agrees 
that surface energy is an excellent example of a free energy and 
that a discussion of it is appropriate. Methods of measurement, 
however, could well be omitted from a book on chemical ther- 
modynamics and should be omitted unless they can be discussed 
correctly. 

The most serious fault in “Principles of Chemical Thermody- 
namics” is lack of attention to mathematical tools—especially 
the meaning of partial differentiation and the interrelations of 
partial derivatives. The author is so careless in the handling 
of these subjects that some of his ablest students will be confused. 
The reader encounters trouble as early as page 167 where he is 
first introduced to partial molar quantities. He is offered the 
following startling definitions of partial molar enthalpies of the 
respective constituents of a binary solution: 


ana 
T, p, ¢ dn2} T, p, 


The explanation of the subscript c is even more amazing; it 
“denotes that the composition is regarded as essentially constant.” 
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In parts of Chapter 7 partial derivatives are correctly written 
and interpreted. (Cf. page 295.) On page 307 a somewhat 
unconventional symbol, n’, is introduced but it is clearly defined 
and consistently employed. The reader is not told, however, 
that n in equation 7-1-21 ef seg. is more than is necessary. Only 
ratios of the m’s need be held constant. Hence n (unlike n’ in 
the same equations) could be replaced by a subscript or (better) 
aset of subscripts to indicate constancy of composition. 

On page 420 serious trouble with subscripts again arises. 
Equation 7-4-41, relating the partial molal enthalpy to the tem- 
perature coefficient of the logarithm of the activity coefficient 
is obviously incomplete. The student should be taught to rec- 
ognize that the existence of three independent variables re- 
quires that two be indicated by subscripts as constant. The 
missing item in equation 7-4-41 is a subscript to indicate constant 
composition. The subscript might be m (for molality), z 
(for mol fraction), or »’ (for the weight ionic strength, defined 
by Lewis and Randall). It cannot be c (for molar concentration) 
or » (the symbol used by Dr. Paul for volume ionic strength); 
the molarity and the volume ionic strength of a solution are 
temperature-dependent. Not only does the author fail to point 
out these fundamental principles but he disregards them him- 
self. He differentiates as though c and u were constant, obtain- 
ing an incorrect result. The discrepancy’ is only seven or eight 
per cent but such mistakes can cause huge differences. 

There are other defects in the discussions of the Debye- 
Hiicke] equations. Discussion of the relation of the theory 
to activity coefficients associated respectively with various com- 
position variables is faulty (page 408; cf. H. S. Harned and 
B. B. Owen, Physical Chemistry of Electrolytic Solutions,” 
pages 12 and 36). There are too many references to linearity 
implied by the limiting law and not enough to the curvatures 
consistent with experiment and with theory (equation 7-4-32) 
even at infinite dilution. Confusion of linearity with the require- 
ment of finite limiting slope is rampant in the early literature 
ofthe theory. Distinction between these different mathematical 
notions should, therefore, be emphasized in any detailed treat- 
ment. (To avoid confusion readers should be warned that 
equation 7-4-32 is referred to twice as a “limiting law’ (page 
448 and 714), but on page 592 is called by its usual name. ) 

Most of the symbols are wisely chosen in accordance with 
modern international usage. The reviewer was shocked, how- 
ever, to find L, instead of AH, used for latent heats. The most 
serious disservice to the readers is the arbitrary introduction of 
a set of Greek letters to denote partial molal quantities. Their 
selection demands a difficult memory feat which offers no reward 
because other symbols are used throughout the literature. There 
is more uniformity in the use of symbols for partial molal prop- 
erties than in almost any other area of thermodynamics. 

At the end of each chapter is a list of references and a set of 
problems to which answers are given on pages 721-3. There 
are more than 250 in all. Some of the answers are followed by 
interesting comparisons with the original literature which the 
reader is encouraged to consult. To aid him in the solution of 
problems there is an extensive table of chemical thermodynamic 
properties (six pages), a table of fundamental constants and con- 
version factors, a table of the Debye function, and an adequate 
table of Einstein functions. There is also a detailed and care- 
fully compiled table of symbols (7 pages). Following a statement 
of the significance of each symbol is a reference to the page or 
equation in which it is first used. These are important aids to 
the reader and will greatly facilitate his study and later use of 
the book for reference. A delightful feature is the inclusion of 
many historical notes and references to the current literature. 
Coverage is uneven, as must be expected when a single author 


1 The correct result is easily obtained as follows: Since equation 7-4-41 
is valid only if m and y’ are constant, substitute ud for « where d indicates 
the density of the pure solvent. Holding uw’ constant differentiate A’+/d 
with respect to temperature. Replace u’d with » observing that the use of the 
limiting law restricts the validity of the answers (ca. 708 instead of 774 and 
472 instead of 516) to infinite dilution. These values are in excellent agree- 
ment with experiment. Cf. Chapter 8 and appendix B, page 587, of the 


Harned and Owen treatise cited by Paul on page 464. 
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attempts so much, but the interest of the student will be excited 
and his task made more pleasant by these passages which are 
easily read but which nevertheless serve to fix new ideas and 
develop familiarity with them. 


T. F. YOUNG 
Untversiry or Cuicaco 
Carcaco, ILLINoIs 
+ DOBEREINER, GOETHE UND DIE KATALYSE 


Alwin Méittasch. Hippokrates-Verlag Marquardt & Cie, 
Stuttgart, 1951. 62pp. 25 figs. 16 X 23.5cm. DM 4.50. 


In THE histories of chemistry, the name of Débereiner is usu- 
ally associated only with his triads, but he was a versatile chemist 
who worked in many fields. His discovery in 1823 that platinum 
sponge could cause the combustion of hydrogen and oxygen at 
room temperature led him to study the applications of this 
reaction and to design apparatus for its practical use. This 
work lasted for many years, and its development is traced in 
detail in this interesting little book. Ddobereiner was also a 
close friend of Goethe, and he kept the great poet informed of 
the progress of his researches. The letters in which he explained 
his results, and Goethe’s replies, are given here. It is well known 
that Goethe was much interested in chemistry, and often in- 
corporated chemical ideas in his writings. Mittasch here traces 
the concept of ferments in the works of Goethe (for the term 
catalyst was not proposed by Berzelius until 1835), and shows 
that at 74 Goethe was apparently too old to adopt the new con- 
cept suggested to him by Débereiner. 

This book is a most interesting account of the developing 
thought of Débereiner, and it casts further light on his relations 
with Goethe. Appendixes contain selections from Débereiner’s 
own papers and a bibliography of his writings on catalysis, as 
well as of related historical papers by other authors. The 
paper and printing are good, and the illustrations are clearly 
reproduced. The book has a paper binding. 


HENRY M. LEICESTER 
or AND SURGEONS 
San Francisco, CALIFORNIA 


SYNTHETIC METHODS OF ORGANIC CHEMISTRY. 
VOLUME V 


W. Theilheimer. Interscience Publishers, Inc., New York, 
1951. xii + 612 pp. 15 X 23cm. $14. 


THEILHEIMER’s inventory of new and improved reactions for 
the synthesis of organic compounds continues with the appearance 
of Volume V of his “Synthetic Methods.’’ Here we find material 
gleaned mainly from the organic chemical literature of 1948 
and 1949 (with supplementary references from 1950) presented in 
the form of brief abstracts of experimental procedure. The 
abstracts are not intended to furnish all the details of the reaction; 
sufficient information is presented, however, to permit evaluation 
of the reaction, and to permit some decision to be reached con- 
cerning its possible application to the particular problem at hand. 

As in the preceding volumes, the abstracts are arranged accord- 
ing to a formal classification for which a special symbolism has 
been devised. An index of the more conventional type permits 
the volumes to be used by those not acquainted with the symbols. 
The index lists names of methods, types of compounds, types of 
syntheses, reagents, and the like. In keeping with the purpose 
of the series, no specific compounds are listed. 

All the titles appearing in the earlier volumes are incorporated 
in the subject index as well as in the body of the book together 
with the new abstracts. This fifth volume therefore represents 
an index of all reactions abstracted since the inception of the 
series. This will be the final cumulation of the first five books, 
Volume VI being intended as the first book of the second series. 

The style of the abstracts and titles is clear and succinct. 
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Typographical errors were noted in one of the structural formulas 
under item 583 and in one under item 647, but in general the book 
is free of errors and shows every sign of careful proofing. Two 
points might be considered for future volumes. For consistency, 
and at times for greater clarity, all the benzenoid rings of the 
structural formulas should be designated by the conventional 
Kekulé cyclohextatriene structure; usage tends to reserve the 
simple hexagon for the cyclohexane system. Further, it is noted 
that the format, particularly in the titles of earlier abstracts, 
involves a rather lavish use of page space. If the use of smaller 
type and the more efficient utilization of space could result 
in significant reduction in the price of the book, such a change 
should be considered. 

“Synthetic Methods” has been accepted as a reliable and 
convenient source of information. The series should be available 
to all organic chemists concerned with problems of synthesis. 


WALTER J. GENSLER 
Boston UNIVERSITY 
Boston, MAssacHUsETTS 


PHYSIOLOGY OF THE FUNGI 


Virgil Greene Lilly, Professor of Physiology, West Virginia 
University; Physiologist, West Virginia Agricultural Experiment 
Station, and Horace L. Barnett, Professor of Mycology, West 
Virginia University; Mycologist, West Virginia Agricultural 
Experiment Station. McGraw-Hill Book Co., Inc., New York, 
1951. xii+464pp. 8lfigs. 64tables. 16 X 24cm. $7.50. 


As INTEREST in the physiology of the fungi continues to de- 
velop we may expect (and hope for) more books like the present 
one. Lilly and Barnett’s book is an excellent text for a course 
in the physiology of fungi. 

Following an introductory section in which such topics as the 
aims, scope, history, and development of physiological mycology 
are dealt with, there are comprehensive chapters on culture 
media, growth, enzymes, essential metallic elements, and essen- 
tial nonmetallic elements other than carbon. These are succeeded 
by an extremely well presented and informative chapter on carbon 
sources and carbon utilization which is terminated by a bibliog- 
raphy of more than 60 papers. After a chapter on hydrogen-ion 
concentration there is an account of vitamins and growth 
factors. This phase of fungus physiology, as might be expected 
from the research interests of the authors, is unusually well done 
and is terminated by a bibliography of 85 papers. There follow 
short chapters on the use of fungi as test organisms. A section of 
some 37 pages deals with the important field of products of 
fungus metabolism, and includes such topics as the use of fungi 
for food and the production of fats, vitamins, enzymes, alcohol, 
and organic acids. There are also accounts of the production 
of antibiotics, toxins, and pigments by fungi. 

Factors influencing sporulation, spore discharge, dissemination, 
and spore germination are adequately considered in later chap- 
ters, and the book terminates with chapters on parasitism and 
resistance, and variation and inheritance. There is appended a 
set of twelve laboratory exercises for class use. 

The authors have succeeded well in producing a thoroughly 
readable textbook. Throughout, they have carefully stated the 
problem at hand, the procedures involved, the particular topics 
under consideration, and have terminated each chapter with a 
useful summary and bibliography. Aside from the rather poor 
reproductior of certain half-tone plates the book maintains a 
high standard of printing excellence throughout. 


F. K. SPARROW 
UNIVERSITY OF MICHIGAN 
Ann MICHIGAN 
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e ELEMENTS OF PLANT PROTECTION 


Louis L. Pyenson, Entomologist and Plant Pathologist at the 
Long Island Agricultural and Technical Institute. John Wiley & 
Sons, Inc., New York, 1951. x + 538 pp. 226 figs. 50 tables, 
14 X 21.5 cm. $4.96. 


In a day when agriculture has reached a remarkable level of 
efficiency through the development of high-yielding, diseage- 
resistant crops, it is appalling to note that the annual losses 
from insect and fungus pests in the United States alone amounts 
to two billion dollars. Weeds extract another one and one-half 
billion toll from our production potential. The insidious fact 
remains that the technique of the plant breeder may facilitate 
the selection of strains resistant to a disease known in the parental 
forms but at the same time susceptible to a malady heretofore 
unencountered in the variety in question. ‘‘When the stem 
Tust-resistant Marquis variety of wheat replaced the older 
varieties, scab became a major problem; and when the farmer 
turned to durum wheats, root rots and ergots became problems.” 
Hence, there is a continuing need for more effective chemicals 
in pest control. 

Furthermore, the use of insecticides, particularly the newer 
types, such as the chlorinated hydrocarbons or the organic 
phosphates, creates problems involving toxicity to warm blooded 
animals or else the probable destruction of the natural predators 
of the harmful insects. For example, the thiophosphate known 
as parathion would be the outstanding insecticide today if it 
were not for its high toxicity to mammals. DDT is very useful 
as a general household, soil, and plant insecticide, but the in- 
creased incidence of certain aphids and red spiders after its use 
may indicate the destruction of the natural predators of these 
insects. 

The employment of the variety of chemicals available as weed 
killers involves, as would be expected, a careful consideration of 
their specific action. In this condition, however, ‘a wholly 
new concept of weed control has arisen since the striking effects 
on plants of the growth-regulating substance 2,4-D (2,4-dichloro- 
phenoxyacetic acid) were announced in 1944.” The value of 
this compound is derived from the fact that it is harmful to many 
weeds but harmless to some cultivated crops. Feeding ex- 
periments to date have indicated no harmful effects on man 
or animals. 

From the above examples of the wide application of chemi- 
cals in the control of plant pests it is evident that the intelligent 
understanding of their specific action and effective employment 
demands a knowledge of the growth habits of the organism con- 
cerned—i. e., the life cycle of the host as well as that of the pest. 

In “Elements of Plant Protection” there will be found a con- 
cise coverage of basic information concerning insect and fungus 
diseases, destructive birds and rodents, and weeds. The latest 
information on control methods involving the use of chemicals 
on either small or large-scale operations is summarized. The 
illustrations and diagrams, including the many line drawings 
by Emily B. Steffens, are clear and easy to comprehend. Since 
the book is written primarily for the use of students in agriculture 
and horticulture it has a list of questions at the end of each 
chapter to guide the discussion and interpretation of practical 
problems. Although the information in the text concerns 
crop plants for the most part, the nonspecific use of the word 
plant in the title emphasizes the broad implications of the subject 
matter. The book therefore will be an essential addition te 
the library of any home gardener or nature-lover, as well as to 
that of the specialist. 


GEORGE L, CHURCH 


Brown UNIVERSITY 
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@ This book is the English translation of 


a text originally written in Swedish, 
which has been widely used in all the 
Scandinavian countries. It comprises 
a collection of over 800 PROB- 
LEMS in physical chemistry, taken 
from published literature of the field, 
and complemented by CONCISE RE- 
STATEMENTS OF THE THEORIES AND 
PRINCIPLES illustrated by the problems. 


Problems in Physical Chemistry 


By LARS GUNNAR SILLEN, PAUL W. LANGE, and CARL O. GABRIELSON 


student to trace the problem back 
to the original experiment, so that 
he may understand the conditions 
under which it was performed. 


@ Certain problems are comparatively 


simple, and specifically designed to 
test the student's knowledge of funda- 
mentals. The problems have been 
carefully framed to avoid excessive 


computations. Answers to all prob- 
@ Also accompanying the problems are lems are given in the back of the 
journal references which enable the book. 


380 pages 5%" x BY” Published February 1952 


How to Solve 
General Chemistry Problems 


by C. H. SORUM, University of Wisconsin 


This self-teaching book presents a carefully graded collection of 500 problems 
to be solved by the general chemistry student—complemented by textual matter 
which reviews the principles embodied in the problems, indicates methods of solu- 
tion, and illustrates each problem type with a worked-out solution. 


The student works through the book on his own, with a minimum of assistance from 
the instructor. The problems have been carefully organized in order of difficulty, 
and each group leads logically into the one following. 


Preceding each group is a simply worded restatement of the theory or principle 
with which the problems are concerned; an explanation of the correct method 
of solving the problem; and a sample solved problem. Answers are given to all 
problems, so the student can check his work. 


160 pages 53%" x 8¥%” paper bound Published February 1952 


Send for your Copies Today 
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SMITH'S INTRODUCTORY 
COLLEGE CHEMISTRY 


Third Edition 


A thorough revision and modernization of 
Smith's successful text. The emphasis through- 
out is on basic principles, laws, and theories 
with special attention given to the structures 
of atoms, ions, and molecules in so far as they 
contribute to an understanding of physical and 
chemical properties. Although this text is 
based on Smith’s College Chemistry, it is 
shorter, more compact, and less inclusive, and 
is intended for more elementary courses and 
for courses that have not sufficient time avail- 
able in which to cover adequately all of the 
material in the larger, more complete, and more 
detailed text. The most up-to-date features in 
the book include the adoption of the nomen- 
clature recommended by the International 
Union of Chemistry, the application of the 
Bronsted concept of acids and bases, and the 
rounding out of the periodic classification of 
the elements. Illustrated. 51717 pp., $4.50 


By William F. Ehret 


CHEMISTRY 
IN Our TIME 


By George Glockle, 
and Ruby Glockle, 


This is designed as an orientation text to 
acquaint students with the fundamental chemi. 
cal processes and to relate the basic ideas of 
chemical knowledge to other fields of human 
interest and achievement. Emphasis is on the 
experimental basis of the laws and generaliza. 
tions of chemistry that find practical application 
in everyday problems of personal and com. 
munity living. Scientific terms used throughout 
the text are clearly defined and concepts have 
been further clarified by illustrative drawings 
Divided into six sections, the text includes 
material on: the concept of matter, the con. 
cept of energy, the scientific approach, the 
divisions of chemistry, and applied fields of 
chemistry. Questions and answers are avail 
able at the end of each chapter to serve asa 
guide to study. 667 pp., $4.50 


Appleton-Century-Crofts, Inc., 35 W 32nd St, New York 1, N. Y. 


comprehension. 


Ready late April 


Announcing Publication 


A Textbook of Quantitative Analysis 


ANDREW PATTERSON, JR., and HENRY C. THOMAS, Yale University 


provide him with a pattern of technique. 
upon which a knowledge of analytical technique can be built. By telling a connected 
and integrated story of analytical chemistry, continually using previously developed ma- 
terials, the authors give the student an accurate feeling for the nature of the science. 


This teachable text will help the student to think in scientific terms, rather than merely 
It offers a background of basic scientific fact 


The book emphasizes throughout the fundamentals of stoichiometry and the principles 
of homogeneous and heterogeneous equilibrium. The student is frequently reminded of 
the simplifying approximations which must be made in order to apply the principles of 
equilibrium to the complicated systems met in analytical chemistry. Much use is made 
of the principles of electrochemistry, introduced by an unusually careful discussion of 
fundamentals. Each chapter concludes with a group of problems to test the student’s 


500 pages $4.25 


HENRY HOLT AND COMPANY 383 Madison Avenue, N. Y. 17 
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Anglo-American Agreement 


ckler 
lockler on Pauling’s COLLEGE CHEMISTRY 
Nn text to from ENDEAVOR 
e Pic. This is a delightful book, designed to lead a complete beginner step 
hee by step logically to a sound understanding of the fundamentals of 
om general chemistry. . . . It gives an unusually clear picture of the subject 
sa: the as a whole as well as illuminating explanations of some theoretical 
eneralize topics; even quite advanced students will find in it much that is of 
pplication advantage.” 
and con. 
rroughout from JOURNAL OF CHEMICAL EDUCATION 
Pai have ‘“‘Dr. Pauling’s new book should prove very successful in any course 
rawings on the freshman level in which quality of concepts is important. In 
includes any case, a student using this book will receive an excellent intro- 
the con. duction to the ‘science of substances,’ and be well prepared for 
oach, the advancement in later science courses. . . . The impact of the Pauling 
fields of texts on college chemistry teaching will be felt for a long time.’ 
are avail. 
erve asa AUTHOR: | Linus Pauling 
California Institute of Technology W. H. FREEMAN AND COMPANY 
ILLUSTRATOR: =Roger Hayward 549 Market Street, San Francisco 5, California 
PAGES: 715; ILLUS: 209; PRICE: $4.50 
MADE ONLY BY NYLAB! 
the new WEIGHING 
FUNNEL 
for Speedy, Precise, Weighing 
and Transfer of Samples without Loss 
Nylab Poly bottle 
— 
Combination weighing vessel and funnel . . . material Weichi bal on 
to be weighed is easily placed in both covered front eee a — 
and open rear sections—made of thin-walled Kimble 
N-51A Borosilicate glass—light-weight for accurate Catalog No. Approx. Diam. Approx. Length Price per Dozen 
weighing—flattened base provides stable rest on bal- (Mm.) (Mm.) 
ance pan. 12803 15 40 9.00 
| Complete transfers necessary for quantitative analysis 12804 25 65 10.50 
are effected by using a solvent to rinse the residue from 12805 38 100 13.50 
the walls of the weighing vessel directly into the receiv- 
ing container; tapered conical tip is placed into neck of Orders must be in lots of one dozen of one size. 10% Discount on sales of 
receiver and used as pouring spout > loss whatever. 6 dozen of same or assorted sizes. 
Ww YORI 
@ Our new 880-page catalog 
a person 
17 Wins fo: ZINC. 


NEW YORK 13, N. Y. 
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Recent Publications 


MYSELS-COPELAND 
Introduction to the Science of Chemistry 


Just Published. A carefully organized new book which presents a coherent view 
of the structure and behavior of matter. The student is gradually led from ex- 
periment to theory, from the simple, familiar, and concrete to the more compli- 
cated and abstract. By thus following the reasoning at each step, he achieves a 
continuous grasp of the material studied. Throughout, descriptive material is 
arranged by type of phenomenon rather than by element. Laboratory Manual. 


GARRET-HASKINS-SISLER 

Essentials of Chemistry 

A mature presentation of chemistry for non-science majors, this popular new book 
is organized around various phases of the physical environment. Covers such 
topics as the chemistry of the earth, radioactivity and atomic structure, the 
periodic system, organic chemistry, and the chemistry of everyday. Material on 
equation writing, chemical arithmetic, and formula derivation is in the appendix. 
Laboratory Manual. 


and Company Home Office: Boston Sales Offices: New York 11 Chicago 16 


Atlanta 3 Dallas 1 Columbus 16 San Francisco 3 Toronto 5 


Did You 


That Amend Drug & Chemical Co. 
can fill your order more completely. 


They have the Largest Listing. 


For Efficient Service—Specify 


AMEND DRUG & CHEMICAL Co., INC. 
117-119 East 24th Street New York 10, N. Y. 
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RELATIVE. VALUES OF RETENTION OF e 
S & S ANALYTICAL FILTER PAPERS . 
Ash Free Popers Other Grades * 
2 Accurate Quantitative Analyses 
with S & S “‘Ash-Free’’ Series 
* 
. e Ash content equal to or lower than that of the best 
e European double-acid-washed papers ® Ash content 
e controlled by strict laboratory supervision @ 8 grades 
e from extra dense for the finest precipitates to soft for 
. rapid filtration of gelatinous ppts @ Standardized to 
e meet individual requirements in work of greatest ac- 
curacy @ Circle diameters 5!/. cm to 18'/. em; weight 
60 of ash content minus 0.02 mg to minus 0.20 mg for the 
Shark Skin e 4 
Moderately For test samples, send information on indsvidual requirements. 
il 407—597 & 497 
WRITE FOR LATEST CATALOG 
598 
604 & 404 521 Washington St., Keene, New Hampshire 
Black Ribbon Gelatinovs e 
ALWAYS INSIST ON S & S AMERICAN FILTER PAPERS 


WRITE FOR THE COMPLETE CON-WATE | 
STORY—10 PAGES OF ILLUSTRATIONS 
AND SPECIFICATIONS 


*Contact your local dealer 


BLUE 


306-8 WEST 69th STREET e 


BLUE M CON-WATE OVENS are the only mechanical con- 
vection ovens which automatically provide CONSTANT AIR 
WEIGHT circulation at all temperatures to give improved 
uniformity and control, greater economy, and superior results. 


Air decreases in density (weight per cubic foot) as its temperature 

goes up. T’o compensate for this, more C.F.M. must be circulated. 

CON-WATE is the only convection oven which AUTOMAT- 

ICALLY provides more C.F.M. as the temperature goes up. 

This is accomplished by a combination of the automatic CON. 

WATE CONTROL and larger than conventional blower wheel 
. with no increase in motor horsepower. 


e CON-WATE PACKAGED PROTECTION CONTROL 
UNIT for maximum safety of control unit. 

e VISI-FLOAT GAUGE .. . condition of air circulation 
shown at all times. 


e HIGHER TEMPERATURE RANGE .. . extends use of 
oven 35° C. to 288° C. 


This efficiency drop curve —r T 
also reflects the greater CON-WATE! consrawr EFFICIENCY 
temperature stratifica- ’ 
tion and variation of the 90 | 
conventional air circula- | 
tion ovens when com- 80 t 
ovens. 
3 STANDARD SIZES 60 
MODEL CW-20 “50 4 
1D. 20” W. x 18” D. x 20° H. ve | | 
MODEL CW-32 100 300 $00 700 900 


MODEL CW-48 
1.D. 48" W. x 24” D. x 36" H. 


M ELECTRIC COMPANY 


CHICAGO 221A 


200 400 600 800 1600 
CIRCULATED AIR TEMPERATURE 
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MONOXIDE 


Seven years ago we first offered Carbon 
Monoxide in cylinders. Now, Matheson 
Carbon Monoxide is used throughout 
the chemical industry. 


Laboratories use Carbon Monoxide as 
a reducing agent and as an inter- 
mediate. Pilot Plants working with the 


Fischer-Tropsch Reactions find it time- 
saving and helpful. Manufacturers of 
gas appliances need it at various mix- : 


tures (which we furnish) for testing 


their equipment. 
Our No. 1A size cylinder holds 200 
cubic feet of Carbon Monoxide packed 


at 2000 pounds pressure. Five smaller 
sizes of cylinders are packed at 1600 


handling safer! 


International Nickel Company, Inc., Research Laboratory, Bayonne, New Jersey 


Want to reduce the worry in using perchloric acid 


in your laboratory analyses? Now Alberene Stong 
Corporation offers you fume hoods specially dé 
Pire __ signed to reduce hazards in working with perchlorié 


acid... specially designed to give you greater safetyg 
Oreanic And for prompt advice on any of your laboratorpy 
fume problems write to Alberene Stone Corporatiol 


Chemicals of Virginia, 419 Fourth Avenue, New York 16, N.Y 


Orbetter yet—visit our nearest Alberene branch ofhieg 


for immediate delivery. Included are 
all the building blocks needed by the 
chemist in industry, the research labo- FREE REPRINTS 


ratory or the university. of an article giving helpful hints on 


safe handling of perchloric acid are 
yours for the asking. Just write today 
on your company letterhead. 


The purity of each Matheson organic 
chemical is guaranteed by our strict 
laboratory controls. 


If you do not have our Price List No. 10 


in your files write for a free copy. ALBERENE STONE 


TH —E MATHESON 0., | Branches in Principal Cities 


“EAST RUTHERFORD NJ JOLIET. 
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Vew Jersey 


-Gndeton 

SINGLE CONTROL OPERATION 

All adjustments of standardization and 


easurement are a 
= single calibrated dial. 


COMPARE Coleman COMPAX 


With YOUR pH METER 
J 


Precision based on Simplicity . . . Compax uses the classic 
potentiometer pH circuit, but in a new way... by replacing the 
usual null meter with a miniature neon, almost instant balance is made 
practicable . . . the usual working cell adjustment is eliminated by 
directly applying an oversize standard cell. 

If you wish to use the electrodes in turbid samples. . . not just clear solutions... 


WACO Technical Service recommends the reference electrode with ring liquid junc- 
tion. The rubber ring prevents KCL and KCL junction contamination . . . just pinch 


FLASHING SIGNAL 


Potentiometric balance is indicated by unique ‘‘flash- 
ing signal." No meters to read; no pointers to set. 


LONG LIFE BATTERIES-1200 hours of 
operation ... universally available. 


NO DESICCANTS=Measuring circuits electri- 
cally protected from moisture or corrosion. 


it for fresh junction! 


ated by your students. Write for Compax Bulletin JCE 452. 


TRIAL OFFER . .. SURE WE’RE SURE... try it in your laboratory! 
with you in your traveling bag when you visit other schools for lectures. Use it 
NOW ... in the classroom where the simplicity and speed will be appreci- No. 4445 COLEMAN COMPAX 


Take it 


pH ELECTROMETER. Plastic 
Case 8". x 7’ x 4”. With screw top 
glass and reference electrodes in 


LABORATORY SUPPLIES AND CHEMICALS sealed head. Including vial, buffer 


id WILKENS-ANDERSON CO. 


beakers, for 5 to 15 ml volumes. 


) = 4525 W. DIVISION ST., CHICAGO 51, ILLINOIS oo ee $150.00 
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-PARR instruMENT Co.. MOLINE, ILLINOIS 


Stimer “Type 


PRESSURE 
APPARATUS 


These versatile and easy-to-handle PARR bombs 
eliminate the need for heavier types of pilot plant 
equipment in performing numerous laboratory 
pressure reactions. The Series 4500 Stirrer Type 
apparatus is recommended especially for alkyla- 
tion, ammonolysis, hydrogenation, polymerization, 
sulfonation and other reactions requiring a stirred 
autoclave for work at pressures and temperatures 
from atmospheric to 1000 psig. at 350° C. 


Offered with either 1000 ml. or 2000 ml. Type 316 


Stainless steel bombs, or with bombs made from 


other alloys on special order. 1000 ml. bomb shown’ 
has 4” I.D. cylinder, 5.38” deep. 2000 ml. size is 
the same but with cylinder 10.5” deep. Both are 
interchangeable in same 1500 watt electric heater. 
Bombs. can be opened or closed easily without 
disturbing head fittings. 


Ask: your PARR dealer for details, or write for 
Spec. 4500. 


EST. 1899 © MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT 
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BURRELL CARBOTRANE MODEL 120 


May be used with resistance or high-frequency 
combustion furnaces 
Equipped with Uni 
apy og You who are the chemists and technicians of metallurgy, have long 
: expressed desire for a carbon train built into a single piece of laboratory 
Cartridge-Type equipment. 
R IN TUBES 
—— Answering this desire, the Burrell Carbotrane is ready to take its place 
in your laboratory for improved gravimetric determinations of carbons 
= by-combustion. 


The Carbotrane matches, in efficiency, the modern furnaces and 
analytical balances used. It supersedes the usual assemblies of various 
parts. Analyses are easier and surer and cost per determination is 


lower. Built-in timers, with a range up to five minutes, time the 
- periods of combustion. 

Because the Carbotrane is leak-proof and contamination-free, errors 
New, pre-packed, absorption tubes are easily from these causes are eliminated. It is sturdy and will not tip over. 
and quickly inserted in Burrell Carbotrane. : 
When spent they are thrown away! Two Carbotrane models are available: 
All contacts are leak-proof, The castridge- Mopet 120—A double train for use with two-tube furnace. 
type absorption tubes may be stored in- Complete with two sets of absorption tubes... ... . 
definitely without contamination or deteri- Mobet 110—A single train for use with one-tube furnace. 
oration of reagents. Complete with set of absorption tubes.....................$110.00 


Prices listed are f.o.b. Pittsburgh, Pa. Order today or 
ask for Bulletin No. 323 for more detailed information. 


*Trademark-Patent Pending 
BURRELL CORPORATION 


2223 FIFTH AVENUE, PITTSBURGH 19, PENNSYLVANIA 
MANUFACTURERS AND DISTRIBUTORS OF SCIENTIFIC APPARATUS AND LABORATORY CHEMICALS 


BURRELL 
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Out-0f the 


Kinematic Viscosity Bath 


Acompletely utilized constant tempera- 
ture bath for use with capillary viscosim- 
ders has recently been introduced by the 
Emil Greiner Co., 20-26 North Moore 
Street, New York 13, New York. + 

Designed with a new turbine type stirrer, 
the Kinematic Viscosity Bath provides 
perfect temperature control and distribu- 
tion without air entrainment. The liquid 
medium is thoroughly and rapidly agitated 
without any surface turbulence to mar ob- 
servations. 


A feature of the Kinematic Bath is the 
use of a new type holder. This holder 
permits free insertion of a tube in the chuck 
like grip without any danger of breaking 
the viscosimeter or injuring the operator. 

A circular, fluorescent light in the base 
illuminates the entire bath and viscosim- 
eters. The base of the glass jar is frosted to 
eliminate glare and to diffuse light over the 
entire area. 

To assure long endurance, the instru- 
ment is powered by an overrated end- 
thrust ball-bearing Bodine motor. 


New Multiple-Disk Laboratory Filter 


The Ertel Engineering Corporation, 
Kingston 11, New York, announces the 
development of a new laboratory filter. 
It is the first time that such a small multi- 
ple-disk unit has been available. 

The Lucite model lends itself to visual 
study of the filtration cycle and should 
open new avenues to research. Double 
filtration can be achieved with a dividing 
head if desired. 

_ The filter can be had in two sizes: 4 
inches square with approximate filtration 
area of 11 square inches per sheet and 8 


inches square with approximate filtration 
area 52 square inches per sheet. 

The filters are available with choice of 
circulatory systems: al] Lucite, stainless 
steel screens, or all stainless steel. 

The stainless steel model is recom- 
mended for handling liquids where liquid 
temperatures are above 120° F. and -where 
sterilization is required. The new filter 
is said to be exceptionally easy to clean. 
The screens are simple to remove. The 


units are light in weight. The 4-inch model 
requires approximately one square foot of 
space. 

Erte] Asbestos Filter sheets in grades 
No. 1 to No. 9, plus grade E-O pyrogen 
and bacterial retentive sheets, are avail- 
able for both size filters. 

Suggested uses include filtration of 
pharmaceuticals, drugs, cosmetics, per- 
fumes, chemicals, and for bacterial and 
pyrogen retention work using the stainless 
steel unit. 

Additional data may be had from the 
manufacturer. 


Precision Mercalyzer 


For rapid removal of heavy metals from 
solution by the mercury cathode method, 
Precision Scientific Company has _per- 
fected a Dual Mercalyzer, one of the most 
powerful and versatile instruments of its 
type. Research and control laboratories 
will find this apparatus a valuable tool for 


advantages offere 
by Tygon flexible p 
Laboratory Tubing. 


is non-toxic, neither 

imparts nor absorbs unwa 

tastes or odors. Tygon is inert 
chemically. Tygon is glass smooth 
inside and out. Tygon is elastic a 
“resilient. Tygon is tough, durable 
“non-oxidizing. Tygon is sterili 
chemically or by claving 
Tygon is” the preferred. T 
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EBERBACH LABORATORY SHAKERS 


The utility box carrier on the variable speed power unit revel 
shown here is a most versatile laboratory shaker. Various se 
size and shape containers (even a 5 gallon bottle as illus- stirre 
trated) are held securely by the rubber-covered sliding bar ¢" 
clamps. Speeds between 100 and 300 oscillations per min- re 
ute. Interchangeable carriers for flasks are available. Preci 
Durably built and attractively finished, Eberbach labora- Cort 
tory shakers are quality machines. Our Bulletin 100-H on 
illustrates and describes the entire line of shakers in detail. Pr 
Write for a copy today. coun 

This 


SCIENTIFIC 


INSTRUMENTS 
p E-APPAROTUS 
CORPORATION 


ANN ARBOR. MICH... and 


HEAVYWEIGHT on | featherweight Pet 


| 
; accuracy part 


For accuracy dependable to the 4th place, 
accuracy that endures .. . insist on ABC’s 
arc movement beam arrest arms... tech- 
nical, practical, correct. Pivoting about a 
common axis eliminates sliding of stirrup Type AN-2012 
bearings which dulls knives. Vertical or «$290.00 
fall-away arrestment systems do not 200 gram capacity 
eliminate sliding and consequent dulling 1/20 mg. sensitivity 
of knives. Four Weeks Delivery 


Prove to yourself that ABC’s Arc Move- 
ment is better. Any ABC dealer will be 
glad to arrange for a 5-day free trail. 


BALANCE CORP. 


a 4 


408 POTTER AVE 


Write for catalog 
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determination, separation, or removal of 
metals, and quantitative analysis by 
electro-deposition. 

The Mercalyzer removes up to 5 g. of 
metal rapidly because of its wide range— 
from 0 to 10 volts or amperes per station— 
and its renewable surface mercury cath- 
ode. Dual controls permit two determi- 
nations to be run simultaneously and inde- 
pendently. The Mercalyzer has a special 
value in preparing solutions for polaro- 
graphic ana lysis. 

Operation is simple: the Mercalyzer 
is plugged into a source of 115 or 230 volts 
a.c. Current is controlled by a single 
knob, and polarity of electrodes may be 
reversed for each side. A vacuum con- 
nection is provided for the glass hoods to 
permit removal of acid fumes. Mag-Mix 
stirrers supply controlled agitation at each 
position. 

Bulletin T-11131 which describes the 
instrument in detail may be had from 
Precision Scientific Company, 3737 W. 
Cortland St., Chicago 47, Illinois. 


Summer Course 


President James B. Conant will offer a 
course for high-school science teachers in 
the Harvard Summer School of 1952. 
This course, ‘“The Methods of Science,” 
will be the core of a special program in 
science education planned for the summer's 
program. It will follow the ‘case history”’ 
method of teaching how scientists work, 
and will be concerned with the relation in 
high-school science teaching between fac- 
tual information and knowledge of the 
methods of science. 

President Conant will be assisted in 
teaching the course by Associate Professor 
Fletcher Watson of Harvard and Dr. Paul 
F. Brandwein, Head of the Science De- 
partment, Forest Hills, New York High 
School, and Lecturer at Teachers’ Col- 
lege, Columbia University. 

Dr. Brandwein also will give a course in 
“Methods, Procedures and Materials of 
Science Teaching,’’ centering on the science 
teacher’s problems in making science in- 
teresting and significant to the pupil. 
Teaching methods, procedures, laboratory 
work and documentation will be analyzed. 

Professor Watson will teach a course for 
elementary teachers on “Science in the 
Elementary School,” which will discuss 
selection of topics, unit planning, and 
teaching materials. 

Other courses of interest to science 
teachers will be offered by the 1952 Har- 
vard Summer School in the fields of as- 
tronomy, botany, zoology, genetics, chem- 
istry, mathematics, physics, and the philos- 
ophy of science. 

A number of scholarships, varying in 
size from tuition cost to full travel and liv- 
ing allowances, will be offered to assist 
qualified teachers to join in the program. 


Polyethylene Beakers 


Polyethylene Beakers in sizes of 250 ml. 
and 400 ml. capacity, complete with pour- 
ing spout, and molded in one piece are now 
available from the American Agile Cor- 
poration, Maple Heights, Ohio. 

These new type beakers are of identical 
design as standard glass beakers, but are 
said to be unbreakable and completely re- 
sistant to most mineral acids, including 


hydrofluoric acid and its mixtures, alkalies, 
and a large number of organic chemicals 
between —20° and 150°F. 

The chemical resistance makes these 
new Polyethylene Beakers valuable for a 
large number of applications in the analy- 
tical, biological, clinical, as well as various 
industrial fields. 

For particulars on Polyethylene Beakers, 
their chemical resistance, etc., send in- 
quiries to American Agile Corporation, 
P. O. Box 168, Bedford, Ohio. 


Sound Movie Available on Electron 
Microscope 

A 30-minute, 16-mm. sound film dealing 
with the subject of electron microscopy is 
available from the Research & Control 
Instruments Division, North American 


Philips Company, Inc., 750 South Fulton 
Avenue, Mount Vernon, New York. 

Interesting and clearly presented, the 
new movie explains the operation and ap- 
plication of the new Philips instrument and 
illustrates some of the work that can be 
performed with the aid of this research tool. 

Industrial and scientific groups inter- 
ested in making arrangements for exhibi- 
tion of the film should contact C. J. Woods 
giving place, date, and hour desired for 
the showing. If possible, an alternate date 
should be designated. 

A number of copies of this film are lo- 
cated at offices of distributors throughout 
the U. S. and requests for showings will be 
forwarded to the nearest representative 
who will then complete the final arrange- 
ments. 


You see it in every piece of Kewaunee laboratory equipment—the 
very finest quality in design, materials, construction and finish. 
Clean, simple, functional design that speeds laboratory work. 
Selected woods, hardware and other materials for lasting service. 
Husky construction with careful workmanship in every detail. 
Handsome, wear-resistant finishes. Kemweld Tops exceptionally 
resistant to water, acids, alkalis and solvents. Top to bottom, inside 
and out, from start to finish—Kewaunee custom quality all the way. 
And it’s all yours at no extra cost. Write for descriptive literature. 


4. A. Campbell, President 
5014 S. Center Street «* Adrian, Michigan 
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Filter Papers 
for 
Gravimetric Analysis 


There are six grades of WHATMAN Filter 
Papers washed in HCI and HF for gravimetric 
analysis. 

No. 40 is the general purpose grade. 
It retains most precipitates yet filters rea- 
sonably rapidly. 

No. 41 is soft, open textured, rapid filter- 
ing for large particle or gelatinous precipi- 
tates. 

No. 41-H is also open textured and rapid 
filtering but has great wet strength and re- 
sistance to washing. 

No. 42 is very close in texture, filters slowly 
but retains the finest precipitates. 

No. 43 is No. 40 washed in organic sol- 
vents to remove fats and other soluble mate- 
rial. 

No. 44 is a thinner edition of No. 42. It is 
not quite as retentive but will hold most pre- 
cipitates. No. 44 absorbs a minimum of 
solution, hence is easily washed. 

There is a grade for every purpose and a 
purpose for every grade. 

Your dealer has WHATMAN Filter Papers 
in stock. 


H. REEVE ANGEL & CO., INC. 


52 Duane St. New York 7, N. Y. 


BARNSTEAD 
DEMINERALIZERS 


PROVIDE LOW-COST 
PURE WATER 


for ¢ Electroplating © Anodizing 
© Photographic Solutions 


© Salt-free Rinse Water ¢ Silvering 
And Hundreds of Other Applications 


Barnstead Four-Bed 
Demineralizer provides pure 
water for hot seal tank in 
anodizing. 30 gal/h. 


Four-bed Barnstead Demineralizer 


Produces pure, 


water for pharmaceutical plant. 


gal/h. 


sparkling-clear rinse 


Four-bed Barnstead Deminerai- 
izer providing pure, high resistance 
water for electronic mfgr. 1000 gal/h. 


Two-bed Barnstead 
Demineralizer. 
large automotive plant. 


1000 gal/h 


Used 


Selection of the best size and type of demineralizer for 
your operation depends on the nature of your raw 
water supply, flow rate needed, daily demand, and 


degree of purity required. Send a sample of your 
water to our Laboratory and Barnstead Engineers will 
perform the necessary analysis without obligation. 


PROMPT DELIVERIES WRITE FOR FREE CATALOG 


65 Lanesville Terrace, Hills, Boston 
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POLAROGRAPHIC 


METHOD 


OF ANALYSIS 
| 


By OTTO H. MULLER, 
Associate Professor of 
Physiology, State University 
of New York Medical Center 
at Syracuse, Syracuse, N.Y. 


In this second revised and augmented 
edition, the author purposes “to present 
a simple account of polarography in a 
form which can be used by teachers and 
students in physical chemistry as well 
as in advanced courses in analytical 
chemistry.” The emphasis is on prin- 
ciples and the scope is descriptive rather 
than mathematical. It begins with an 
excellent review of electroanalysis, 
showing the relation of polarography to 
other electro methods. A brief de- 
scription of apparatus includes equip- 
ment constructable from parts readily 
available in many laboratories. Funda- 
mentals of quantitative and qualitative 
analysis and recent developments are 
discussed in some detail. Chapters on 
applications and suggestions for prac- 
tical polarography complete the book. 


A particularly good feature is the in- 
clusion of 26 experiments, and the 
graphs and tables of data obtained from 
them constitute the illustrative material 
of the text. These experiments could 
be undertaken with profit by anyone 
desiring an experimental indoctrination 
in polarography. 


The book is especially recommended 
to students, beginners in the field, and 
anyone desiring a brief but compre- 
hensive introduction of the funda- 
mentals of polarographic measurements. 


Joun K. Taytor 
ANALYTICAL CHEMISTRY 


209 pp illustrated $3.50 
(Foreign $4.00) 


CHEMICAL EDUCATION 
PUBLICATIONS 


REDUCE WEIGHING TIME TO 1 /3!! 
WITH 
“SELECTAS” BY SARTORIUS 


ANALYTICAL SPEED BALANCES 
UNEQUALED IN ITS RANGE FOR 


SPEED — ACCURACY — CONVENIENCE — 
RELIABILITY 


Single Pan—No Weight Handling 

Minimum Load—tLong Life of Critical Parts 

Standard Double Beam—Atmospheric Changes Automatically com- 
pensated for 

Separate Beam and Weight Compartments—No Dust Problems 

Instant—Non Magnetic Damping—Equally Effective Under All Loads 

Recessed Projection Screen—Easily Visible Under All Conditions 

Circular Sliding Doors—Unimpaired Visibility 

Automatic Indication of Last Three Decimal Points on All Models— 
No Time Lost by Handling of Fractional Weights 

Carry-all Base Casting—No Vibration of Critical Parts During 
Weighings 

Round Space-saving Shape—Deflects Heat and Light Radiation, 
Reduces Air Space in Weighing Compartment 

New Weight Loading Mechanism—Two Table Level Double Knobs 
Required for Operation, Operates with Beam Partly Released 

New Counter—Iindicates Automatically Appliea Weight. 


Write or Phone SHerwood 2-1123 


|ENE RAL 


320 MARKET STREET; PATERSON 3,N.J.- SHERWOOD 2 aegis ‘ 


EASTON, 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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there’s an 
E&D 
FILTER PAPER 
for most filtration problems 
of science or industry 


As manufacturers of filter and absorbent 
papers we gladly place at your disposal 
our experience and skill in helping you 
select the proper paper for the problem 
confronting you. Or,ifanew 
kind of paper is indicated, chances are 
we can produce it for you. 
Call on us without any obligation. 


The EATON-DIKEMAN 


Mt. Holly, Springs, Pa. 


available... 


Acenaphthylene; Acetonedicarboxylic Acid; 
a-Acetylindole; 3-Acetylpyridi Acetylthiocholine cis- 
Aconitic Acid; Acridine Hydroch loride; Adenosine Diphosphate,; 
Adonidine; Alany Alkaloids; 4-Amino Amylase; 
Anserine; Arachidic Acid; Arachidonic Aci 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic A cid; 
benzoxychloride; Carnosine; Catalase cryst.; Cellulase ye Acid; 
Cery! Alcohol; «a-Chloralose; 8-Chloralose 
phonic Acid; p-Chloromercuribenzoate Esters; Circula- 
tory Hormone; Clupein; Collagen; s- ns Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicyleidehyde; 
Dihydroxyecetone Phosphate; Diisopropy! Dithiol, 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucie Acid; 
dl-Ethionine; Ethylenediamine thylpyridinium 
ide; Fructose-6-Phosphate; Gitoxin; Glucosscorble Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycyiglycine; 
Glycyltryptophane; Glycyltyrosine; Heparin; Hexo- 
Hyaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid 12-Hydroxystearic acid; lodoacetamide; 
osobenzoic Acid; Isoascorbic Acid; Isocitric Acid; isocytosine; 
Scone Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide Margatic Acid; Menthol Glucuron- 
ide; Aci Sulfate; Mesocystine; 
Methyl-bis-Chioroethylamine; 6-Methylerotonie Acid; 3-Methyl- 
cytosi ine; Methyinonylketone; §-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthy! Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetate; Sohingomyelia; Sphin- 
gosine; Stilbamidine; Sulfequinoxaline; Tantalum Chloride; o-Ter- 
enyl; m-Terphenyl; p-Terphenyl; Acid; 
igeneitine, Tropic Acid; Tyrosinase; Urease cryst.; Uridine; Uro- 
bilin; Ursolic Acid; Vitamin Biz. 


Ask us for others! 
DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N. Y. 
Telephone Plaza 7-6317 


2 0s-s -S 3SV9-saind! 


“The Versatile Desiccant” 


For Drying 
SOLIDS—LIQUIDS—GASES 


For eighteen years serving the 


INSTITUTIONS—INDUSTRIES 
LABORATORIES—PLANTS 


in the solution of their drying problems 


Efficient — Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. H;O per liter. 


Versatile — An all-purpose desiccant. 


Non-Wetting — Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral — Dries without reacting with either 
acid or alkaline materials. 


Inert — Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative — Repeatedly after any normal 
use, by dehydration at 235 to 250° C. 


Economical — Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 

References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 


\\ 
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Photometers 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


~ 
_F 
KLETT SCIENTIFIC 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 


Surgical Cleanliness 
in ONE 


the Accepted 
Fast-Acting Detergent 


and Wetting Agent 
If cleanliness is important to you, ALCONOX 


will save you Time, Trouble and Expense. 
ONLY ONE WASHING eliminates the gums, 
resins, and precipitates which collect in, and 
around experimental vials, test tubes, retorts 
and other containers. 


ALCONOX is mild to your hands, making 
rubber gloves unnecessary. Its quick self-act- 
ing penetration gives you additional time for 
other important duties. 


ALCONOX is economical too: one spoon- 
ful makes a gallon of active cleanser, ready and 
able to lift soil or grime from your laboratory 
equipment faster than anything you have ever 
tried. 


Price $ 1.95 
x 3 ea. 18.00 
Barrel of S00 Ib. Ib. .37 


(slightly higher on Pacific Coast) 
If your dealer cannot supply you, write for 
literature and samples. 
Dept. JC-4 
ALCONOX 


WETTING AGENT 


ALCONOX 


DETERGENT 


ALCOnOX, int, 


Please menticr' CHEMICAL EDUCATION when writing to advertisers 
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INTERFERENCE 
FILTERS 


For extending the use and spectral ac- 
curacy of Colorimeters, Spectrophotom- 
eters, Flame Photometers, Fluorom- 
eters, Spectrometers and similar instru- 


ments. 
Penfield Permanent Cartridge Farrand Interference Filters enable isola- 
DEMINERALIZER | tion of narrow regions of the spectrum 
| anc arebv ¢ Ss *tivi 
With Exclusive Flow Meter | an 1 thereby afford optimum selectivity 
| rheir excellent optical qualities provide 
A Delivers up to 10 gph of super high purity high transmission. They are permanen 
Only Penfield provides water at turn of faucet — and at ouly a | 8 : | ailhaiaa ey vt aoa ent 
a Sight Indicator fraction of the cost of distilled water. Elec- | to normal atmospheric conditions—not 
the ‘to Conductivity Meter, furnishes continu- affected by heat because radiation, which 
#0 ous quality indication. Permanent Cartridge cs 
Just the intake flow — feacure cuts operation costs by at Icast 25% is not transmitted, is refleeted—not ab- 


to the proper rate for over other laborato i i 

ee me ee for folder M-8. Or ask your favorite Labor- sorbed. 
atory Supply House. 


PENFIELD MANUFACTURING CO., INC. 
19 High School Ave., Meriden, Conn. 
FILTERS - SOFTENERS - DEGASIFIERS - DEMINERALIZERS 


Penfield ‘Planned Purity’ PAYS! 


Bulletin No. 800 on Request cision Optics, ELECTRONIC 
AND SCIENTIFIC INSTRUMENTS 


FARRAND OPTICAL CO., inc. 


BRONX BLVQ. and EAST 238th STREET - NEW YORK 70, N. Y. 


NEW LABORATORY MILL WITH MICROMETER SETTING witn this new laboratory mill by “Labconco,” the chem- 


ist can prepare a sample in any size, from powder-fine to 
PREPARES LARGE NUMBER AND VARIETY OF SAMPLES coarse grind by changing the micrometer adjustment. 
Although essentially of the ‘‘burr’’ type, this new mill has 
a unique ‘‘cutting’’ rather than a ‘‘grinding’’ action. This 
feature does away with the limitations and inconveniences 
of the burr type mill, but retains the speed, simplicity and 
ease of operations. 


With the new ‘“‘Labconco’’ mill, there are no screens to 
change, or knives to sharpen. There is no steel-to-steel 
friction, and there is no cleaning problem, because special 
steel-and-leather wipers continuously sweep the grinding 
chamber clean. There is less ‘‘separation’’ of the sample, 
more homogeneity; slower speed minimizes dust; sample 
cannot ‘‘build up” on knife blades. 


Oily products such as meat scrap, soy beans and flax 
seed can be satisfactorily prepared, as well as products 
containing up to 17% moisture. Finer grinds, of course, 


are possible on drier samples. The one-horsepower motor Co 

and rugged modern design make this mill well-suited for ave 

“Labconco” Heavy Duty Laboratory Mill heavy use in any laboratory. Write today for full details, val 

Base plate: 123{”x 1734”; height: 19”. prices on two models, and list of users. sty! 

Cri 

LABORATORY CONSTRUCTION COMPANY all 

cov 

1115 HOLMES ST. KANSAS CITY, MISSOURI ies 
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8 Filament 
High Output 
Recorder Unit 


BEST DEMONSTRATIONS 
EASIEST EXPERIMENTS 
LOWEST BUDGET 


for teaching 
INSTRUMENTAL METHODS 
OF GAS ANALYSIS 


Ref.—Linde & Rogers J. CHEM. ED. Pgs. 28, 576-577 
Instrumental Methods of Analysis, 114-115, 119 
Willard, Merritt & Dean, Van Nostrand, 1949. 


Write today for illustrated 1951-52 catalog and data sheets 
for your problem. 


COMPANY 


22 LAWRENCE STREET, NEWARK 5.N. J. 


rucibles ™ 


Coors Crucibles are 
available in a complete 
variety of sizes and 
styles, 

Crucible Covers for 
all crucibles with which 
covers are regularly 
used are also supplied. 


HIGHLY RESISTANT 
TO CHEMICAL ATTACK 
AND THERMAL SHOCK 


OBTAINABLE FROM YOUR 
LABORATORY SUPPLY DEALER 


Coors PORCELAIN COMPANY 
COLDEN COLORADO 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Mey E% 


SUPPLY CO. Ing 
215 NORTH EIGHTH st. 


We've got them! 


KIMBLE 
EXAX THERMOMETERS 


with the NEW 
Permanent Filler 


Disappearance of the colored filler, from lines 
and numbers, after only a short period of use, 
has long been the outstanding complaint 
against etched-stem thermometers. The new 
KIMBLE EXAX thermometers use a permanent 
filler which is as resistant to chemical attack as the 
thermometer glass itself. For better results, with- 
out the problem of filler-contaminated solutions, 
insist on the new KIMBL ‘ EXAX thermometers 
for all your laboratory work 


KIMBLE EXAX T HERMOME TERS, yellow 
backed, mercury filled. Total immersion. 

Cat. No. Range Each Qty. in Case 

case 

43754-Y -20 to 110C. $2.14 8 $15.41 
43756-Y to 151C. 2.22 11.99 
43762-Y -10 to 260C. 3.14 6 16.96 
43768-Y 10 to 360C. 3.54 4 12.74 


Write for complete price list. Available in total and partial immer- 
sion, Centigrade and Farenheit, yellow and white back glass. 

ers can grouped with other EXAX glassware for greater 
quantity discounts. 


CHEMISTS Everywhere 

COPY ANYTHING Anywhere 
with the 
NEW 


» 


Ideal for making record copies 
of research notes right from 
test-finding lab notebook, long- 


Li) 
> Portable PHOTO-COPIER 


Contoura’s unique cushion re- 
produces tightly bound pages 
despite curved binding! 


hand memos, sketches, pro-e NEEDS NO DARKROOM; 
jected ratings and verified make exposures under normal 
readings. artificial light; develop prints, 


at leisure, in standard photo 


TRULY PORTABLE! Only chemicals. ELIMINATES 
four pounds; fits easily in DRUDGERY and _ inherent 
briefcase or desk drawer. Use _ error of longhandcopying, typ- 
it anywhere! COPIES ANY-_ ing and proofreading! Users 
THING written, printed or everywhere say Contoura af- 
drawn up to 8%’ X 14’! fords time and money savings 


Lastingly clear copies only 7¢! they never thought possible. 


© Models as low as $39 © © Write for Free Folder ¢ 
F. G. LUDWIG Associates 


50 Pease Rd. Woodbridge, Conn, 
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APPARATUS 
EQUIPMENT 


CHEM ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


ETHYLENE IMINE 


i | 
| 
| 
| 
| CHEMIRAD CORPORATION | 
| | IMMEDIATE 
| Bladensburg, Maryland | DEL H VERY 
from complete stocks 
Antimony Triiodide 
Barium Nitrite 
Natural and Synthetic Amino Acids 
jodine onobromide Unnatural Amino Acids 
FOR YOUR EDCAN LABORATORIES Enzymes and Coenzymes 
Box 489, South Norwalk, Conn. - 
CONVENIENCE! Heterocyclic Compounds 
Shows all the Coleman Instruments in one i TEAC-9 ; Imines and Amines 
handy book... PLUS those WACO Tech- Try the new organic Metalorganics 
nical Service Adapters Sequestrant 
ial work . . . itric Aci 
SMALL volumes . . . to increase 
THREE- FOLD for pale colors . . . and Laboratory 1 at. size $2.95 Rare Organic Acids and Derivatives 
Ses 365 Man. Sugars and Derivatives 
For your free copy of this Vitamins and Derivatives 
HELPFUL booklet... ask for 
WACO Catalyst, vol. 9 JC. Unit Objective Tests in 
(Authorized Coleman Distributors) A limited number of some of Laboratories, 
ane | these tests are still available. 17 West 60th St., New York 23, 
MICALS 
ILKENS \NDERSON (0 UNIVERSITY LITHOPRINTERS Plara 7-817) 
Ypsilanti, Michigan 
CHICAGO 


— DISCOVERY 


of the 
ELEMENTS 


Mary Elvira Weeks 


Nature’s primeval building materials, about ninety 
chemical elements, have been uncovered one by one 
through the ages by patient searchers in many lands. 
These discoveries are recorded for the most part in old 
chemical journals and letters, biographical dictionaries, 
and obsolete textbooks seldom read by the busy modern 
chemist. 

Present-day scientists are fortunate to have these scat- 
tered records now assembled in one compact, readable 
volume. Here for the first time the finding of the elements 
is told as a connected narrative. For the general reader, 
and for the chemist as well, scanning this book is like 
making a voyage through history, discovering many re- 
mote spots and elusive people. These fascinating ac- 
counts of scientific achievements not only inform the 
reader of momentous events but acquaint him with the 
life-stories of men and women whose indefatigable labors 


CHEMICAL EDUCATION PUBLICATIONS 


have made possible most of the material blessings which 
we enjoy today. 

A vast amount of information, all of it intensely inter- 
esting and as accurate as painstaking research can make it, 
is packed within these covers. 330 illustrations, many of 
them rare, provide a panorama of chemical history and 
add greatly to the value of the book. 


“For the beginner in science there are few books 
more suitable for collateral reading. To older 
readers, a veritable treasure-trove of scientific in- 
formation.” —Scientific Monthly 


“Unique in its class, scientific and broadly human- 
istic, scholarly and interesting.”"-—Tenney L. Davis 


“The author succeeds in presenting the tenseness 
which must have lain in the search for new ele- 
Matematik Fysik och 

m 


“Fascinating reading. . . . The chemists, ancient 
and modern, are made to seem 
Chemical Age 


“A treasure house for those who take pleasure in 
coming into intimate contact with the lives of great 
people. . .-. It stimulates, encourages, and leads its 
readers on to a more careful study of science.” — 
The Science Teacher 

“Should be required reading for all college teach- 
ers. . . and on the reserve reading list of all other 
chemists.”"—Journal of American Chemical 
Society 

(Outside U.S.A. $4.50) $4.00 


20th and Northampton Streets, Easton, Penna. 
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EQUIPMENT SERVICES 


NEW... 1952 NUS UAL 
FOR MICROSCOPICAL EMPLOYMENT 
STUDIES IN MINERALOGY OPPORTUNITY 
AND PETROLOGY for sales-minded scientist. 
| A well established and growing man- 
MINERALS—POWDERED (100 mesh) ufacturer of optical and electronic 
Selected for microscopical study. Set of 60. 
ical and indu aboratories, 
MINERALS & GLASSES—Lnown refractive index. on 
f index: 1.34 to 2.4. Intervals of 0.01 ‘echnical sales ba le: ut 
Standard and Interchangeable inde throughout most of range, "Set of 60. will co an educator or a recent g grad- 
fr Glass to 1 pr with good scholastic record. 
Metal, and COMMINUTED COMMON MINERALS Witte in 
Metal. to Glass. Mounted in Balsam. One elementary set—25 All replies held in strict confidence. 
slides. Two advanced sets—95 slides each. Box 5424 Journal of Chemical Education 
i , 500 Fifth Avenue, New York 36, N. Y. ) 
Pioneered PETROGRAPHIC SPECIMENS 
Patented Type and for of 
i istics. t 
characteristics eto AT LAST! 
Perfected of a simple, 
by Write for leaflet RA-JCE easy-to-use 
ACE R. P. CARGILLE 
118 Liberty Street, New York 6, N. Y. AVERAGE 


i Engineered to assure that 


indispensable tight relationship. 
Send For Bulletin SJ-C 


CALCULATOR 


(See J. Chem. Ed. June, 1951, p. 311) 


ACE GLASS INC. for — TEACHERS, 
VINELAND # NEW JERSEY > NALYSTS 
FOREMOST IN STANDARD AND SPECIALIZED = i: = e 
GLASSWARE FOR RESEARCH AND INDUSTRY es Dwight F. Mowery, Jr. 
ee Trinity College, Hartford 6, Conn. 
this “GOLDFISCH” FAT EXTRACTOR 
sword Automatic release-and-seal features to speed your 
solvent extraction and reclaim high percentage of 


solvent. Used by 29 states in feed control work 
and by hundreds of diversified school and indus- 


means 


extraction methods—and you'll save time and 
solvent! 


Ca n ce r WRITE DIRECT TO THE MANUFACTURER 


FOR PICTURES, PRICES, FULL DETAILS 


‘ RESEARCH LABORATORY CONSTRUCTION CO. 
1113 Holmes Street e Kansas City, Mo. 
is a race for life. RIGINAL pricina( DH E 


The American Cancer Society 
supports research in 100 insti- 
tutions in 35 states ... grants 
aid to 900 investigators .. . 
trains as fellows 78 young men 
and women. 


INSTRUMENT MERCURY 


* Purified specifically for Instrument use. 
* Meets not only standard chemical, but also 


However, some vital research more exacting physical tests. 
has been retarded because of * Delivered in a handy bottle with dispens- 
lack of funds . . . twice as many 2 ing tip. 
dollars could be used in 1952 "| For The Chemist and Engineer * Controlled filling without exposure to con- 
under the sign of the cancer 4 teminstion. 
sword. Cancer Strikes One in ¢ Sturdy: Low Priced: bn 12 Ibs. * Stays bright and clean in long storage. 
Five. Your Dollars Strike Back. 4 ptt one oa Caleul — * Premium quality without premium price. 

Mail Your Gift to “Cancer” 
Care of Your Local Postoffice Ask For Bulletin CQ-43 Write for current quotations 
SOLE DISTRIBUTORS FOR USA 
commie Gia IVAN SORVALL, INC. Bethlehem Apparatus Co., Inc. 
Y 210 FIFTH AVE., NEW YORK 10, N. Y. [RQoaaeies 5 Hellertown, Pa. 
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CHEMICALLY PURE WATER 


Useful wherever chemically pure water is required, 


2 models: 
Model W supplies up to 10 gallons on one 


Model W-D—supplies up to 20 gallons on one 
Both models may be recharged. 


LaMotte Chemical Products Company 
Dept. Y Towson, Baltimore 4, Md. 


from your faucet 
with the 


LaMOTTE FILTR-ION 


No installation necessary 


such as: 


Photographic Work 
. Storage Batteries 
Electric Steam Irons 
Sterilizers 
Analytical Procedures 
Hydrogen-lon Studies 
Blood Chemistry 
Serology 


charging, $3.85 each 
charging, $5.75 each 
(Refill package $3.50 each) 


The Life of 


Ina Remsen 


By Frederick H. Getman 


‘ 


*,...a pleasantly written and inter- 
esting biography of a great chemist.” 


Remsen’s greatest fame was the discovery of the synthesis 
of saccharin which was the result of the joint work of 
Fahlberg, a German student working with Remsen and of 
Remsen himself. The way in which Fahlberg succeeded 
in concentrating all the fame on himself and in which 
he commercialized this invention is told in detail and it de- 
serves to be told. It was an unpleasant affair that caused 
Remsen much trouble even in quarters where he had not ex- 
pected it, as subsequent difficulties with the editor of the 
Journal of the Society of Chemical Industry proved. — 
Remsen’s work as a university president and a public servant 
constitute another example of the vicissitudes of an honest 
scientist in local and national politics and they are well told. 
Seeing the elaborate bibliography of Remsen’s publications 
appended to this book we have the feeling, even after the 
pleasant hours spent in reading it, that most has not been 
made of the evolution of Remsen’s practical and theoretical 
work as seen against the background of American organic 
chemistry of those days. Should anyone later attempt to 
write this more elaborate biography he will surely find this 
book a handy collection of facts to start from. 


R. J. Forbes) COMPTE RENDUS CRITIQUES 


Order your copy today. $3. posTPaID 
CHEMICAL EDUCATION PUBLICATIONS 
EASTON, PA. 


620 Berzelius and Goethe, Dr. Oskar Baudisch 10¢ E 
621 Chemical Education in Liberal Arts Colleges, 


reprints available... 

. Following is a list of reprints of articles from the 

y JOURNAL OF CHEMICAL EDUCATION in stock at Al 
> the present time. Because supplies are limited, Al 
. please state second choice. Ar 
» No. TITLE AND AUTHOR PRICE AI 
602 Business Organization and Administration in As 
i the Chemical Industry, F. Curtis 25¢ Ay 
> 603 The Dynamics of Gas Flow, Worth H. Rode- : 

bush 25¢ Bi 
605 Lecture Demonstration in Or- 

; ganic Chemistry, Ray Q. Brewster 25¢ 

606 Sodium Perchlorate and Anhydrous Mag- Bs 
( nesium Sulfate: Two Student Prepara- Bs 
7 tions, Sigfred Peterson 10¢ 

r+ 607 Selection and Performance of Students, Fred Be 
( Hazel and H. Sherman Oberly 25¢ Bl 
» 609 Wolfgang, Pauli, by Emery I. Valko 10¢ BI 
r 611 The Rise of Industrial Research and Its B 
: Management, William A. Hamor 25¢ Bi 
» 614 Commercial Development in the Chemical C 
P Industry, F. J. Curtis 25¢ re) 
y 615 Technical Employment in the Chemical In- C 
‘ dustries, E. W. Cook 25¢ C 
+616 The Chemical Revolution—The Second C 
( Phase, Sidney J. French 25¢ 

» 619 An Improved a for Obtaining Boil- D 
’ ing Points of Liquid Mixtures, Lawrence D 
{ P. Eblin 10¢ E 

> 

> 

> 

> 

> 

> 

> 
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1934-48, J. R. Sampey 10¢ 
622 Element of the Week, Delmar K. Myers 10¢ F 
626 First Day with Hercules, Jane F. Gaffney PK 
and John T. Hays 25¢ G 
630 Research and Development in the Chemical G 
Industry, F. J. Curtis 25¢ G 
631 Organic Chemistry and the Analytical Pro- G 
am at M.1.T., Ernest H. Huntress, David 
. Hume and Lockhart B. Rogers 25¢ Hi 
632 Organic Analysis in the Chemistry Curricu- H 
lum, Philip J. Elving 25¢ H 
633 Unknowns for Molecular Weight Determina- K 
( tion, H. D. Crockford 25¢ K 
634 Hydrogen Demonstration Cannon Made K 
7 of Glass, J. E. Ransford, S. J. 10¢ K 
, 635 A Model Illustrating the Effect of Thermal K 
; Agitation, R. H. Woolley and Dan Mc- 
‘ Lachlan, Jr. 25¢ L 
r 636 Human Values in Engineering, Francis J. L 
‘ Curtis 25¢ 
» 637 Apparatus For Student Conductance L 
4 Measurements, P. Bender, W. J. Bier- M 
( mann, and Alvin G. Winger 25¢ y 
» 638 Methods for Constant Potential Control, M 
; E. B. Thomas and R. J. Nook 25¢ M 
639 Tenney L. Davis and His Work in the His- { N 
: . tory of Chemistry, H. M. Leicester and M 
H. 8S. Klickstein 25¢ 
Demonstrating Radioactivity by Auto- 
, radiography, Laurence S. Foster 25¢ N 
r 641 Theory of Corrosion for Engineers, W. L. 
, Orr and H. A. Stafford 25¢ 
, 642 The Use of the Perkin Reaction in Organic P. 
q Laboratory Classes, R. Buckles 10¢ P 
644 Radiochemical Experiments in the Physical 
: Chemistry Laboratory Course, Clifford 
> S. Garner 25¢ R 
‘ 645 Parasitic Diseases and the Chemist, Sterling g; 
§ Brackett 25¢ S 
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Substitute numbers, if those above are not available. S 


Order by number. Postage stamps acceptable. 


JOURNAL OF CHEMICAL EDUCATION, APRIL, 1952 P/ea 


Weak 
| 
| 
| 
| 
i 4 } 
4 
| 
: 
| 
| 
| 
i 
S 
| 
| 
| 
| 
| 
| 
\ 
| 
! 
| 


ADVERTISERS’ INDEX 


Laboratory Equipment 


— Alberene Stone Corp. of Va.... = 
ited, Amend Drug & Chemical Co., , N a W % OF THE 
8 
*RICE American Balance Corp... 34 | MONTH 
Angel & Co., H. Reeve....... 36 
25¢ Appleton-C ‘entury-Crofts, Inc. 26 
¢ Baker & Adamson Products VACUUM PUMPS 
be (General Chemical Division, 4 popular models 
25¢ Allied Chem. & Dye Corp.). 12 
ie Baker Chemical Co., J. T..... IFC 
a Barnstead Still & Sterilizer Co., 
d Bethlehem © Co., Inc. 43 
25¢ Blakiston Co., The. . 15 PHOTOMULTIPLIER ATTACHMENT 
10¢ Blue M E lectric Co........... 29 Steps up DU sensitivity | 
s Buffalo Apparatus Co......... 48 a rman .) This new attachment for the 
25¢ a eee 32 eckman Model DU Spectrophotometer (Welch Duo-Seal.) For a variety of vacuum 
| | gives it greatly increased Sm yy over work including organic distillations. Rug- 
Central Scientific Co.. | the range 200-600 ma. Ideal for flame ged, quiet; low maintenance cost. Four 
25¢ Chem. Ed. Buyers’ Guide. 42 & models for 115V, 60 cy/AC. Mounted on 
Coleman Bell Co., Inc. . 17 tivity. (Beckman 4300. )'242207. $375.00 
25¢ Coleman Instruments ‘ Medel Me fie 
25¢ Coors Porcelain Co........... 41 fe handle the complete Beckman line 227811 33.4 LPM 0.00005 mm $195.00 
10 227831 21° LPM 0.0001 mm 103.00 
e Delta Chemical Works....... 38 THERMOREGULATOR 22789T 33.4 LPM 0.02 103.00 
10¢ Eaton-Dikeman Co........... 38 Wide range, high sensitivity 
10¢ Eberbach Corporation........ 34 (Fenwal Thermoregulator.) 
Se i n r 
™ Freeman & Co., W. H ES 27 easy adjustment. Immersion 
length, 754”. Diameter %”. 
25¢ General Laboratory Supply Co. 37 Inherent sensitivity of 0.1F. 
al Gian & Co 28 
25¢ Gow-Mac Instrument Co...... 41 Ampere rating: on 
a i ; i 5 230 
d Greiner Co., Emil ......... 9 V/AC. 
25¢ Hammond —— Co., W. A. 38 
Harshaw Scientific........... 46 
25¢ tion Uo... ........, 26 
a Kewaunee Mfg. Co. ........ 35 (Precision Hi-Speed.) Effects difficult sep- 
25¢ Kimble Glass ............... 13 arations for micro and semi-micro analy- 
Kinney Mfg. Co............. 11 force of 9670 x 
10¢ Klett Mfg. Co............... 39 WEIGHTS smaller). Aagle-h -head totally enclosed 
: Knight, Maurice A........... 18 4 inexpensive ameter 12” we ht 8”, weight 20 Ibs. For 
25¢ 
» oe LaMotte Chemical Products For student use. Made of brass, heavily 
e Ludwig Associates, F.G...... 
| Fitted hard id Cc h 
McGraw-Hill Book Co., Inc... 8 nickel-Dated forceps fl. 
Machlett & Son, 18 3951 per set 
Maemillan Co., The ......... 21 50gm  100gm 200gm 500 gm 
Mallinckrodt Chemical Works. 20 $11.00 $14.30 $17.60 $23.10 
d Matheson Co., The.......... 30 
25¢ Meyer Scientific Supply Co., 
For precise voltage control 
New York Laboratory Supply 
4e 95 Co., Ine 27 stat controls voltage for BALANCE 
§ \ er, electronic eq p- 
10¢ Penfield Mfg. Co............. 40 ment. Gives smooth | jq,0land, Analytical.) Rugged. accurate. 
il Prentice-Hall, Inc............ 25 control with high effi- optically flat agate polished bearings. 
d Capacity 200 gms; sensitivity 1/10 mg 
~ Sargent & Co., E. H.......... 16 to 7.5 amps. $110.00 
a Scientific Glass Apparatus Co., CIA 
nia Schleicher & Schuell Co., Carl, 29 ‘ 
Order from your nearest WILL office-ware- 
ing re- Southern Scientific........... 45 dete on te 
Scientific . Supply cont your sequent. 
antity 6 Discounts on quantity orders PHONE — WRITE — WIRE — TELETYPE 
oo oe Thomas Co., Arthur H........ 3 NOW'S THE TIME TO SEND 
Todd Scientific Co......... 7 US YOUR FALL TERM LISTS 
se Torsion Balance Co.......... 14 Take advantage of our spe- WILL CORPORATION. .....Rochester 3, N. Y. 
U. 8. Stoneware Co........... 38 WILL CORPORATION. ....New York 12, N. Y. 
| void shortages and delivery 
Welch Scientific Co., W. M.... 24 disappointments. Make up CORPORATION of Baltimore 1, Md. 
er Wilkens-Anderson Co... | your lists early and send them SOUTHERN SCIENTIFIC CO., INC.. Atlanta 1, Ga. 
45 to us. We'll assemble the ma- 
apes om terial, and ship and bill it on BUFFALO APPARATUS CORP. . Buffalo 5, N. Y. 
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Markedly improved over all former 
models, this new “‘Precision”’ Saybolt 
Viscosimeter exemplifies a striking sim- 
plification in design, capable of trouble- 
free performance unhampered by 
complicated mechanisms or mechanical 
controls. It is entirely self-contained, 
built for continuous duty, and safe from 
fire hazard. Combining as it does a new 
measure of operating ease, consistent ac- 
curacy, and absolute dependability, the 
*‘Precision’”’ Saybolt Viscosimeter is cer- 
tain to aid the operator by releasing his 
attention from “mechanics,” and will 
promote both speed and accuracy in 
running Saybolt tests. 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO. 


CLEVELAND 6, OHIO 


Saybolt Viscosimeter 


A. $. ¥. M. D8s 


Standard equipment — includes the required num- 
ber of flask guides, cooling coil, control box, 
pipette, thermometer guards, oil strainer, 
““Stop-Watch-Man”’ stopwatch holder, tube 
cleaner, and 3 gallons of oil for filling bath. Does 
not include viscosity tubes, flasks, thermometers, 
or stopwatch. 

H-54900—“‘Precision’’ Saybolt Viscosimeter, two- 


tube capacity. Specify current, voltage, and cycles. 
For 110 or 220 volts, A.C... .. . $215.00 


D.C. available on request. Harshaw Scientific carries 
many other “Precision” items in stock. 


+ 48, 
hia 45, 
4 Swanson Sts. 


; 
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194 ‘gland 6, Ohi Ho SupPlY Row 
East 97 th 66 17 Calif. 
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FEATURES 


Resolving power 30 au— freedom from 
astigmatism — ease of alignment — distor- 
tionless image at all magnifications — 
consistent high image quality at direct 
magnifications up to 20,000X. 


The image of the specimen does not rotate 
with changes of magnification; this is of 
particular importance in stereo studies. The 
electrical center in electrostatic lenses co- 
incides with the geometrical center, there- 
fore, alignment is simplified. 


Electron gun is of high intensity and 4 
efficiency — filaments are easily and quickly 
replaceable — adjustment for pinhole posi- 
tion and beam alignment can be made 
during instrument operation — specimen 
holder permits manipulation in three trans- 


n- lational motions. 

“ Power supply is small, compact and easy 

to service— output voltage is variable 

be making operation possible over a wide 

es range without change of focus. 

rs, Large area viewing screen—built-in camera 
arrangement without air lock — specimen 
holder permits rapid change and setting 

of specimen. 

-S. Adaptable for electron diffraction tech- 

0 niques — stereo electron micrographs. 


Bulletin 807 Sent Upon Request 
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Add a third dimension to your 
visualization of complicated molec- 
ular structures! Use the new Fisher- 
Hirschfelder-Taylor Metal-Coordi- 
nation Atom Models. You can 
readily construct compounds of 
elements that have a “coordination 
number”’ of six (cobalt, chromium, 
iron, manganese, nickel, platinic 
platinum, etc.) ...as well as com- 
plexes of metals whose coordina- 
tion number is four (planar con- 
figuration only). You can make 
three dimensional models of mol- 
ecules, ions or groups which will 
illustrate geometric, optical or cis- 
trans types of isomerism .. . and 
show complex metal ammines, 


metal-coordination study 
with NEW 
FISHER ATOM MODELS 


hydrated ion structures, metal 
chelate compounds and other struc- 
tures of definite interest to current 
chemical studies. 

A total of 14 different varieties of 
atoms are contained in the 87-atom 
metal coordination kit, including 
six new types not available in the 
already-popular Fisher 86-atom 
organic kit. Models in both kits 
incorporate the latest scientific 
knowledge as to atom sizes, bond 
angles and internuclear distances, 
and are 100 million times “life 
size” (one centimeter equals one 
Angstrom unit). You can measure 
a molecule’s actual size by merely 
laying a meter stick across your 


molecular model. Such factors 


space relationships and steric hf 
drance are easily demonstrated. | 


Send today for more information 

the Fisher-Hirshfelder-Taylor Mei 
Coordination Kit or Organic kK 
Write: Fisher Scientific Co., 763 Form 
St., Pittsburgh 19, Pa. 


SCIENTIFIC 


America's Largest Manufacturer-Distributor of 
Laboratory Appliances and Reagent Chemicals 
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